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Abbreviations	  
AEMC	   The	  Australian	  Energy	  Market	  Commission	  
AEMO	   Australian	  Energy	  Market	  Operator	  
AMI	   Advanced	  Metering	  Infrastructure	  
AMR	   Automated	  Meter	  Reading	  
BCP	   Behaviour	  Change	  Programs	  
BPL	   Broadband	  over	  Power	  Lines	  
DoW	   Department	  of	  Water	  
EV	   Electric	  Vehicles	  
HAN	   Home	  Area	  Network	  
IHD	   In-­‐House	  Displays	  
IP	   Internet	  Protocol	  
LAN	   Local	  Area	  Network	  
NBN	   National	  Broadband	  Network	  
NCP	   National	  Competition	  Policy	  
NEM	   National	  Electricity	  Market	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   Power	  Line	  Carrier	  
PV	   Photo	  Voltaic	  	  
RF	   Radio	  Frequency	  
SCADA	   Supervisory	  Control	  and	  Data	  Acquisition	  systems	  
SGSC	   Smart	  Grid	  Smart	  City	  
SM	   Smart	  Meters	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Abstract	  
As	  a	  requirement	  of	  the	  Murdoch	  University	  Environmental	  Engineering	  Degree,	  Brenten	  Wellington	  
undertook	  enrolment	  in	  ENG450	  Engineering	  Internship.	  The	  internship	  took	  place	  at	  ENV	  Australia,	  
a	  firm	  of	  environmental	  management	  consultants,	  which	  is	  located	  on	  Murray	  Street	  in	  Perth,	  
Western	  Australia.	  Throughout	  the	  internship	  work	  was	  completed	  under	  the	  supervision	  of	  the	  
industry	  supervisor,	  Principal	  Consultant	  Jim	  Singleton,	  and	  academic	  supervisor	  Dr	  Martin	  Anda	  
who	  also	  worked	  at	  ENV	  Australia	  as	  a	  Principal	  Engineer,	  Sustainability.	  
The	  main	  focus	  of	  this	  internship	  as	  set	  out	  in	  the	  work	  placement	  agreement	  is	  as	  follows;	  
• Gain	  exposure	  to	  a	  range	  of	  experiences	  that	  conform	  to	  elements	  of	  competency;	  	  
• Acquire	  an	  ability	  to	  assimilate	  theoretical	  knowledge	  gained	  at	  Murdoch	  with	  practical	  
considerations	  evidenced	  in	  a	  work	  environment;	  	  
• Gain	  an	  appreciation	  of	  work	  practices,	  techniques	  and	  culture	  relevant	  to	  a	  specific	  
discipline;	  	  
• Develop	  enhanced	  ability	  to	  think	  clearly,	  critically	  and	  creatively	  when	  solving	  problems,	  by	  
fusing	  experience,	  reason	  and	  training	  into	  considered	  judgment	  through	  job	  specific	  
problem	  solving;	  	  
• Develop	  enhanced	  ability	  to	  communicate	  outcomes	  and	  deliver	  presentations	  in	  the	  
workplace	  context;	  	  
• Acquire	  and/or	  develop	  a	  capacity	  for	  and	  an	  understanding	  of	  teamwork	  in	  a	  workplace	  
context;	  and	  	  
• Complete	  agreed	  reporting	  activities	  to	  document	  and	  describe	  these	  workplace	  activities	  
for	  assessment	  within	  the	  School	  in	  which	  the	  Student	  is	  studying.	  	  
At	  ENV	  Australia	  a	  number	  of	  projects	  were	  worked	  on	  in	  the	  areas	  of	  water	  management,	  
sustainability	  and	  environmental	  management.	  Due	  to	  the	  broad	  nature	  of	  projects	  that	  were	  
worked	  on	  throughout	  the	  internship,	  a	  focus	  was	  taken	  on	  Smart	  Metering	  and	  Advanced	  Metering	  
Infrastructure.	  It	  was	  this	  focus	  in	  which	  the	  following	  report	  was	  developed.	  “Advanced	  Metering	  
Infrastructure	  (AMI):	  Appropriate	  areas	  for	  application	  in	  WA”.	  
Electrical	  and	  water	  utilities	  in	  Australia	  and	  around	  the	  globe	  begun	  to	  look	  at	  smart	  meters	  (SM)	  as	  
a	  technology	  that	  would	  allow	  them	  to	  better	  manage	  the	  resources	  at	  hand.	  
While	  this	  was	  occurring	  there	  were	  a	  number	  of	  issues	  that	  were	  raised;	  
• Customers	  were	  becoming	  concerned	  about	  climate	  change	  and	  the	  environment,	  
• Industries	  were	  unprepared	  with	  a	  major	  new	  problem	  of	  resource	  efficiency,	  
• Resource	  prices	  begun	  to	  significantly	  rise	  for	  customers	  and	  the	  industries	  were	  incapable	  
of	  adapting	  to	  these	  changes	  in	  society	  and	  in	  the	  market.	  	  
In	  Australia	  SM	  rollouts	  begun	  to	  occur	  in	  the	  energy	  sector	  with	  this	  technology	  capable	  of	  
numerous	  benefits	  including	  resource	  efficiency.	  	  
By	  the	  time	  a	  number	  of	  SM	  programmes	  and	  projects	  began	  to	  rollout	  there	  was	  an	  understanding	  
with	  many	  experts	  that	  the	  challenges	  at	  hand	  would	  require	  a	  much	  more	  sophisticated	  resource	  
management	  system.	  Smart	  grids	  were	  the	  answer	  to	  this.	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Although	  this	  was	  now	  known,	  the	  rather	  rapid	  changes	  that	  have	  occurred	  left	  utilities	  at	  a	  stand-­‐	  
still,	  with	  a	  number	  of	  issues	  beginning	  to	  rise	  once	  again;	  
• Climate	  change	  policies	  put	  a	  higher	  price	  on	  the	  largest	  polluters,	  with	  smart	  technologies	  
able	  to	  assist	  with	  this,	  
• Under-­‐investment	  into	  infrastructure	  has	  meant	  improved	  maintenance	  and	  management	  is	  
not	  possible,	  
• Renewable	  energy	  initiatives	  such	  as	  Photovoltaics	  (PV)	  and	  Electric	  vehicles	  (EV)	  required	  
much	  more	  sophisticated	  infrastructure	  
• Customers	  required	  smart	  infrastructure	  to	  help	  them	  better	  manage	  their	  water	  and	  
electricity	  use	  
It	  became	  obvious	  that	  a	  complete	  transformation	  of	  the	  resource	  industry	  was	  now	  required.	  
Though	  these	  changes	  are	  well	  beyond	  the	  capabilities	  of	  these	  industries	  alone,	  it	  will	  require	  a	  
broad	  collaboration	  of	  sectors	  and	  a	  number	  of	  issues	  to	  be	  addressed	  at	  a	  State,	  Federal,	  
Organisation	  and	  Industry	  level.	  
Advanced	  Metering	  Infrastructure	  (AMI)	  will	  be	  a	  major	  focus	  point	  in	  developing	  a	  smart	  grid	  not	  
only	  in	  Western	  Australia,	  but	  globally,	  and	  provide	  the	  integration	  of	  the	  various	  sectors	  and	  
projects	  in	  order	  to	  complete	  this	  transformation.	  	  
It	  was	  found	  that	  current	  smart	  metering	  and	  AMI	  trials	  are	  still	  only	  in	  the	  early	  stages	  of	  
development	  towards	  a	  Smart	  Grid,	  but	  they	  are	  bridging	  the	  gaps	  and	  continually	  learning	  the	  
difficulties	  and	  problems	  that	  will	  be	  faced	  in	  the	  development	  and	  formation	  of	  a	  Smart	  Grid	  in	  
Western	  Australia.	  The	  contribution	  that	  each	  new	  trial	  will	  have	  is	  that	  by	  learning	  the	  difficulties	  
faced	  from	  these	  trials	  and	  incorporating	  improvements	  into	  new	  trials,	  will	  finally	  help	  to	  close	  the	  
gaps	  between	  ‘smarter’	  technologies,	  and	  their	  associated	  communication	  systems,	  distribution	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Introduction	  
In	  a	  world	  facing	  the	  unknown	  as	  we	  enter	  the	  21st	  century,	  we	  face	  a	  number	  of	  emerging	  
challenges.	  	  For	  decades	  the	  water	  and	  electricity	  market	  has	  been	  rather	  stable,	  with	  developments	  
in	  the	  market	  largely	  dictated	  by	  government	  policies.	  They	  were	  aimed	  at	  keeping	  prices	  low	  and	  
ensuring	  a	  reliable	  and	  safe	  network.	  With	  the	  development	  of	  climate	  change	  and	  its	  associated	  
extreme	  hot	  weather	  and	  droughts,	  the	  purchase	  of	  air	  conditioners	  throughout	  a	  wealthy	  and	  
consumerism	  led	  to	  peak-­‐demand	  overload.	  	  Demand	  for	  water,	  a	  critical	  yet	  often	  under-­‐valued	  
resource	  due	  to	  its	  extremely	  cheap	  price	  also	  increased.	  This	  resulted	  in	  electrical	  network	  
problems	  and	  major	  blackouts	  as	  well	  as	  leaving	  much	  of	  Australia	  to	  face	  a	  water	  crisis	  which	  was	  
combined	  with	  the	  continual	  demand	  to	  expand	  Australia’s	  export	  of	  natural	  resources	  and	  
improving	  the	  quality	  of	  life,	  including	  making	  our	  cities	  and	  towns	  more	  liveable.	  	  
With	  this	  in	  mind	  resource	  conservation	  and	  efficiency	  is	  growing	  in	  importance	  in	  community	  
concern	  and	  will	  become	  crucial	  as	  Australia	  moves	  towards	  a	  clean	  energy	  future,	  with	  national	  
targets	  including	  the	  Kyoto	  protocol,	  in	  which	  a	  national	  commitment	  was	  made	  to	  ensure	  CO2	  
emissions	  do	  not	  exceed	  8%	  above	  1990	  levels	  during	  the	  period	  of	  2006-­‐2012,	  and	  in	  2009	  the	  
Australian	  Governments	  Renewable	  Energy	  target	  scheme	  of	  20%	  renewable	  energy	  sources	  by	  
2020.	  Moving	  into	  a	  clean	  energy	  future	  will	  require	  a	  transition	  to	  ‘Smart	  Power’	  systems	  and	  Smart	  
Grids.	  “Although	  no	  truly	  ‘smart’	  power	  systems	  will	  be	  developed	  by	  2020,	  many	  systems	  will	  have	  
evolved	  to	  a	  level	  partially	  resembling	  the	  smart	  grid	  vision”	  (Harstad	  E,	  2012).	  SM	  and	  AMI	  are	  the	  
first	  steps,	  which	  are	  currently	  being	  implemented	  and	  developed	  to	  ultimately	  change	  the	  current	  
power	  system.	  
‘Advanced	  Metering	  Infrastructure:	  Appropriate	  areas	  of	  application	  in	  WA’	  is	  a	  collaboration	  
between	  Murdoch	  University	  and	  ENV	  Australia.	  The	  purpose	  of	  this	  study	  was	  to	  investigate	  the	  
applications	  of	  AMI	  in	  Western	  Australia,	  and	  its	  role	  in	  Smart	  Grids.	  The	  analysis	  will	  be	  built	  on	  the	  
platform	  of	  the	  electricity	  sector,	  as	  this	  is	  the	  major	  driver	  in	  Australia	  for	  developing	  a	  smart	  grid,	  
the	  ultimate	  application	  of	  AMI,	  although	  it	  will	  also	  provide	  a	  ‘multi-­‐utility’	  approach	  in	  which	  the	  
ultimate	  smart	  grid	  will	  incorporate	  a	  complete	  AMI	  collaboration	  including	  water	  and	  gas.	  This	  also	  
presents	  a	  major	  challenge	  in	  developing	  sustainable	  resources	  in	  WA	  in	  the	  future.	  	  
The	  benefits	  of	  AMI	  to	  different	  stakeholders	  and	  two	  detailed	  case	  studies	  have	  been	  used	  to	  
outline	  the	  applications	  of	  AMI	  to	  WA.	  A	  large	  focus	  on	  what	  is	  seen,	  as	  the	  ultimate	  application	  of	  
AMI	  in	  WA	  will	  be	  given,	  this	  is	  using	  AMI	  as	  the	  platform	  for	  developing	  a	  smart	  grid	  in	  WA.	  A	  step	  
guide	  to	  developing	  a	  smart	  grid	  will	  be	  outlined	  to	  conclude	  the	  final	  findings	  of	  this	  report,	  this	  
guide	  will	  raise	  a	  number	  of	  problems	  and	  key	  components	  that	  will	  need	  to	  be	  addressed	  in	  WA	  to	  
develop	  a	  smart	  grid.	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Background	  and	  Literature	  Review	  
Electricity,	  Gas	  and	  Water	  Sector	  in	  Western	  Australia	  
Existing	  systems	  have	  been	  designed	  for	  one-­‐way	  power	  flows	  from	  the	  utility	  (large	  centralised	  
power	  plants)	  to	  the	  customer.	  
The	  Global	  smart	  grid	  Federation	  report	  2012	  notes	  the	  energy	  policy	  falls	  within	  state	  jurisdiction	  
but	  coordinated	  nationally	  through	  the	  Council	  of	  Australian	  Governments	  (COAG),	  in	  which	  they	  
have	  guidelines	  for	  “energy	  security	  and	  reliability,	  appropriate	  investment	  in	  generation	  and	  
networks,	  commercial	  adoption	  of	  demand	  side	  response	  solutions,	  and	  consistent	  approaches	  to	  
electricity	  market	  reforms	  and	  clean	  energy.”	  WA	  is	  independently	  regulated	  by	  the	  Economic	  
Regulation	  Authority	  (ERA),	  in	  which	  the	  transmission	  and	  distribution	  networks	  are	  not	  connected	  
to	  each	  other.	  Throughout	  WA	  governments	  have	  retained	  ownership	  over	  the	  transmission	  and	  
distribution,	  and	  retail	  businesses	  are	  vertically	  integrated	  (Global	  Smart	  Grid	  Federation,	  2012).	  
The	  ERA	  is	  also	  responsible	  for	  licensing	  and	  monitoring	  the	  performance	  of	  water	  and	  gas	  industry	  
providers	  in	  WA.	  In	  which	  the	  Department	  of	  Water	  (DoW)	  and	  the	  Health	  Department	  are	  the	  two	  
other	  regulatory	  agencies	  that	  play	  a	  role	  in	  the	  WA	  water	  industry.	  The	  Water	  Corporation	  is	  the	  
state’s	  largest	  service	  provider;	  other	  industry	  participants	  include	  the	  Bunbury	  and	  Busselton	  water	  
boards,	  local	  governments	  and	  irrigation	  scheme	  cooperative	  (ERA,	  2012).	  There	  are	  a	  number	  of	  gas	  
providers	  in	  Western	  Australia	  including	  Alinta	  and	  Kleenheat.	  
Existing	  Electricity	  supply	  system	  
The	  WA	  electricity	  market	  is	  made	  up	  from	  three	  main	  geographical	  grids.	  The	  North	  West	  
Interconnected	  System	  (NWIS),	  Regional	  Power	  (RP),	  and	  the	  South	  West	  Interconnected	  System	  
(SWIS).	  	  The	  SWIS	  is	  the	  primary	  electricity	  grid	  in	  WA	  and	  extends	  from	  Kalbarri	  in	  the	  North,	  
Kalgoorlie	  in	  the	  East,	  and	  Albany	  in	  the	  South	  and	  provides	  power	  to	  more	  than	  1.5million	  people	  
(Western	  Power,	  n.d).	  The	  SWIS	  is	  supplied	  by	  base-­‐power	  stations	  located	  in	  the	  Collie	  region,	  and	  
additional	  electricity	  is	  generated	  within	  Perth	  (Kwinana	  and	  Pinjar)	  with	  smaller	  load	  centres	  located	  
at	  Geraldton,	  Kalgoorlie,	  Bunbury,	  Manjimup	  and	  Albany	  (Western	  Power,	  2008).	  Electricity	  is	  
predominantly	  produced	  from	  non-­‐renewable	  resources	  including	  black	  coal,	  natural	  gas	  and	  oil.	  	  
With	  the	  development	  of	  a	  competitive	  generation	  market	  and	  growing	  electricity	  demands	  the	  
capability	  of	  the	  transmission	  network	  to	  transport	  the	  power	  required	  to	  meet	  peak	  demand	  is	  
going	  to	  be	  determined	  by	  the	  networks’	  ability	  to	  control	  voltage	  at	  all	  points	  within	  the	  network	  
(Western	  Power,	  2008).	  High	  power	  flow	  through	  the	  current	  transmission	  network	  is	  reaching	  the	  
point	  where	  the	  current	  voltage	  support	  devices	  (capacitor	  banks	  and	  static	  VAr	  compensators)	  are	  
no	  longer	  adequate	  to	  support	  voltage	  levels	  (Western	  Power,	  2008).	  The	  electricity	  network	  can	  be	  
described	  much	  like	  a	  water	  drip	  irrigation	  system	  controlled	  by	  gravity,	  in	  which	  the	  system	  has	  only	  
been	  designed	  for	  one-­‐way	  flow	  from	  the	  holding	  tank	  (large	  centralised	  power	  plants)	  to	  taps	  and	  
valves	  along	  the	  hose	  (customers).	  As	  water	  flows	  through	  the	  line	  it	  slowly	  loses	  pressure	  the	  
further	  away	  from	  the	  holding	  tank	  and	  the	  more	  water	  that	  is	  extracted	  out	  of	  the	  system.	  Current	  
electricity	  transmission	  works	  in	  the	  same	  way.	  Electricity	  has	  the	  capabilities	  to	  flow	  backwards	  and	  
forwards	  through	  transmission	  lines	  and	  it	  is	  through	  the	  development	  of	  smart	  grids	  in	  the	  future	  
that	  will	  provide	  a	  solution	  to	  voltage	  control,	  and	  to	  allow	  bi-­‐directional	  flow	  of	  power,	  and	  AMI	  
technologies	  to	  manage	  and	  control	  voltage	  levels.	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Managing	  peak	  demand	  of	  electricity	  will	  be	  another	  major	  application	  of	  AMI.	  Unfortunately	  the	  
top	  15%	  of	  the	  network	  capacity	  is	  used	  only	  2%	  of	  the	  time,	  with	  a	  capacity	  factor	  of	  around	  46%.	  
This	  is	  much	  the	  same	  for	  residential	  load	  curves	  where	  often	  the	  top	  10%	  of	  capacity	  is	  only	  used	  
0.35%	  of	  the	  time	  with	  a	  capacity	  factor	  of	  36%	  (Western	  Power,	  2012).	  Overall	  the	  load	  curve	  can	  
be	  characterised	  as	  having	  a	  low	  load	  factor	  (load	  factor	  =	  average	  demand/peak	  demand)	  and	  
indicates	  that	  the	  load	  is	  very	  peaky	  on	  a	  daily	  and	  seasonal	  basis.	  Daily	  peak	  times	  are	  mid	  morning	  
and	  early	  evening	  with	  high	  heating	  and	  cooling	  in	  winter	  and	  summer	  respectively	  being	  a	  major	  
factor	  for	  this	  seasonal	  peak	  profile	  (See	  Figure	  2	  for	  typical	  peak	  load	  demand	  curves	  on	  the	  SWIS).	  
This	  is	  an	  extremely	  wasteful	  way	  to	  produce	  electricity,	  as	  electricity	  generation	  is	  reactive	  of	  peak	  
demand,	  expensive	  and	  high	  emission	  specialist	  plants	  are	  required	  to	  supply	  large	  amounts	  of	  
energy	  for	  a	  short	  period	  of	  time.	  AMI	  and	  even	  electric	  vehicles	  can	  be	  used	  to	  better	  manage	  peak	  
demand	  of	  electricity	  through	  behaviour	  change	  and	  ‘off-­‐peak	  and	  on-­‐peak’	  energy	  tariff	  structures	  
and	  flatten	  demand.	  
What	  is	  a	  Smart	  Meter	  	  
The	  SM	  is	  the	  actual	  device	  that	  measures	  the	  consumption	  of	  water,	  electricity	  or	  gas	  that	  provides	  
additional	  information	  compared	  to	  conventional	  meters	  (Wang	  L	  et	  al.	  2012).	  Smart	  metering	  is	  the	  
actual	  application	  of	  SM	  where	  the	  combination	  of	  meters	  with	  two-­‐way	  communications	  technology	  
for	  information,	  monitoring	  and	  control	  is	  commonly	  referred	  to	  as	  AMI	  (EEI,	  2011).	  AMI	  evolved	  
from	  previous	  systems	  which	  utilized	  one-­‐way	  communication	  systems	  to	  collect	  meter	  data	  and	  
were	  known	  as	  Automated	  Meter	  Reading	  (AMR)	  systems	  (EEI,	  2011).	  
Electrical	  Smart	  Meter	  
Conventional	  electricity	  meters	  have	  a	  geared,	  motor	  mechanism	  that	  has	  different	  dials,	  each	  one	  
moving	  at	  a	  slower	  speed	  than	  the	  other.	  These	  measure	  the	  amount	  of	  current	  passing	  through	  and	  
thus	  energy	  consumption,	  which	  is	  generally	  manually	  recorded	  every	  2	  months.	  SM	  replace	  
conventional	  meters	  and	  have	  the	  capability	  to	  measure	  electricity	  in	  real-­‐time.	  AMI	  can	  also	  enable	  
communication	  with	  the	  operator,	  and	  an	  actuator	  that	  enables	  active	  control	  of	  consumer	  
Figure	  1:	  Typical	  24	  	  hour	  load	  demand	  curves	  for	  the	  SWIS	  in	  summer	  and	  Winter	  (Sustainable	  Energy	  Now,	  2012)	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appliances	  (DNV,	  2012).	  Smart	  metering	  also	  has	  the	  ability	  to	  not	  only	  measure	  electricity	  coming	  
from	  the	  grid,	  but	  if	  renewable	  energy	  sources	  are	  connected,	  the	  amount	  of	  energy	  exported	  to	  the	  
grid.	  This	  application	  is	  used	  when	  renewable	  generation	  exceeds	  the	  usage	  of	  a	  customer,	  and	  
energy	  is	  sold	  back	  to	  the	  grid.	  
Water	  Smart	  Meter	  
In	  Australia	  a	  typical	  SM	  is	  essentially	  a	  conventional	  smart	  meter	  with	  a	  sensor	  (T-­‐probe,	  Cyble	  etc.	  
that	  is	  easily	  attached	  to	  a	  water	  meter)	  and	  linked	  to	  a	  data	  logger	  that	  measures	  continuous	  water	  
consumption.	  When	  a	  water	  event	  occurs,	  such	  as	  someone	  taking	  a	  shower,	  this	  event	  creates	  
pulses	  in	  the	  water	  meter	  that	  is	  registered	  by	  the	  sensor,	  and	  recorded	  by	  the	  data	  logger.	  These	  
pulses	  are	  then	  analysed	  using	  special	  purpose	  software’s	  that	  can	  disaggregate	  the	  water	  events	  
and	  assign	  them	  to	  various	  water	  uses	  according	  to	  a	  number	  of	  defined	  parameters	  (flow	  rate,	  
volume,	  time	  etc)	  (Mead	  and	  Aravinthan,	  2009).	  
Unlike	  the	  conventional	  water	  meter	  that	  provides	  customers	  with	  information	  on	  water	  usage	  
months	  after	  the	  events	  have	  occurred,	  smart	  water	  meters	  can	  provide	  real-­‐time	  water	  
consumption	  which	  can	  be	  used	  to	  determine	  consumption	  patterns.	  	  SM	  therefore	  provide	  the	  
necessary	  data	  to	  enable	  customers	  to	  understand	  and	  monitor	  their	  water	  usage	  and	  help	  utilities	  
to	  manage	  their	  network	  and	  provide	  better	  customer	  service	  (Doolan,	  2011).	  
Advances	  in	  methods	  for	  data	  capture,	  transfer,	  and	  analysis	  are	  continually	  improving,	  where	  the	  
University	  of	  Waikato	  are	  hoping	  to	  develop	  a	  smart	  meter	  that	  is	  powered	  by	  the	  water	  running	  
through	  it	  (Sustainability	  Matters,	  2012).	  
Gas	  Smart	  Meter	  
Conventional	  gas	  meters	  measure	  the	  volume	  of	  gas	  consumed.	  When	  billed	  to	  customers	  the	  
volume	  of	  gas	  is	  converted	  and	  charged	  by	  the	  amount	  of	  energy	  in	  the	  gas.	  This	  is	  normally	  billed	  
every	  3	  months.	  Like	  all	  SM,	  gas	  smart	  meters	  also	  have	  bidirectional	  data	  communication	  in	  real-­‐
time.	  Advanced	  smart	  gas	  meters	  measure	  gas	  with	  high	  accuracy	  via	  ultrasonics,	  a	  bi-­‐directional	  
acoustic	  beam	  that	  measures	  gas	  flow	  (EngineerLive,	  2012),	  water	  flow	  rate	  can	  also	  be	  measured	  
this	  way	  also.	  Unlike	  conventional	  meters	  there	  are	  no	  mechanical	  components	  and	  associated	  
deterioration	  of	  mechanical	  parts	  which	  will	  ultimately	  affect	  measurement	  and	  cost	  accuracy.	  
Why	  Smart	  Metering	  and	  what	  are	  the	  Benefits	  
Executive	  Director	  and	  Chief	  Economist	  Quentin	  Grafton	  outlined	  in	  the	  Australian	  Energy	  Update	  
2012	  “The	  Australian	  energy	  sector	  is	  undergoing	  a	  fundamental	  transformation	  as	  it	  moves	  towards	  
a	  clean	  energy	  future.	  To	  help	  plan	  for	  this	  future	  Australia	  needs	  accurate,	  comprehensive	  and	  
readily-­‐accessible	  energy	  data.”	  
A	  limiting	  factor	  and	  major	  challenge	  is	  having	  sufficient	  access	  to	  the	  right	  data.	  Data	  is	  crucial	  to	  
efficiently	  and	  effectively	  manage	  resource	  supply	  and	  distribution	  systems.	  The	  measurement	  of	  
the	  resources	  supplied	  into	  a	  system	  through	  a	  customer’s	  meter	  is	  an	  initial	  important	  start.	  Data	  is	  
important	  for	  informing	  infrastructure	  decision-­‐making.	  Unless	  a	  true	  and	  accurate	  picture	  is	  
established	  of	  the	  initial	  resource	  efficiency	  and	  losses	  are	  established,	  there	  is	  a	  risk	  the	  programs	  
and	  capital	  works	  to	  follow	  will	  not	  address	  the	  key	  source	  of	  the	  resource	  crisis	  (Johnson,	  2011).	  
The	  two	  main	  types	  of	  data	  error	  come	  from	  real	  loss	  and	  apparent	  loss	  as	  described	  below:	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Real	  loss	  
• Data	  information	  is	  important	  to	  determine	  loss	  in	  resources	  from	  leaks	  and	  reported	  leaks	  
where	  repair	  has	  been	  delayed	  (water	  and	  gas)	  	  
• Leakages	  in	  pipe	  due	  to	  high	  water	  pressure	  and	  old	  and	  ageing	  assets	  (water	  and	  gas)	  
Apparent	  loss	  
• Flow	  measurement	  errors	  
• Measurement	  discrepancies	  
• Metering	  inefficiency	  
	  
Itron’s	  take	  on	  the	  Australian	  Intelligent	  Water	  Grids	  Market	  Webinar	  2012	  with	  David	  Brooke-­‐
Smith,	  Director	  of	  Solutions	  Delivery	  outlined	  a	  number	  of	  benefits	  that	  smart	  metering	  provides	  to	  
water	  utilities	  which	  can	  also	  be	  related	  to	  electricity	  and	  gas	  (Itron,	  2012).	  Smart	  metering	  provides	  
better	  and	  more	  timely	  data,	  which	  creates	  awareness	  and	  reduces	  the	  over	  or	  underestimate	  of	  
investments	  to	  the	  network.	  Affordability	  plays	  a	  large	  role	  in	  today	  through	  extra	  expenses	  from	  
infrastructure	  for	  extra	  capacity.	  The	  cost	  base	  also	  increases	  and	  customers	  have	  to	  live	  with	  this	  in	  
the	  future.	  It’s	  better	  to	  address	  the	  global	  water	  and	  energy	  crisis	  by	  reducing	  wastage,	  which	  will	  in	  
turn	  minimize	  and	  delay	  capital	  investment,	  and	  reduce	  bills	  for	  all	  stakeholders.	  	  
Below	  is	  a	  compiled	  list	  of	  the	  benefits	  that	  SM	  and	  AMI	  provide,	  which	  also	  infers	  a	  number	  of	  
applications	  that	  AMI	  can	  be	  used	  to	  benefit	  numerous	  stakeholders	  (EEI,	  2011);	  
Stakeholder	   Benefits	  
Utility	  Customers	   • Better	  access	  and	  data	  to	  manage	  use	  
• More	  accurate	  and	  timely	  billing	  
• Improved	  and	  increased	  rate/time-­‐of-­‐
use/tariff	  structures	  
• Improved	  outage/blackout	  location	  and	  
restoration	  
• Power	  quality	  data	  
Customer	  Service	  &	  Field	  Operations	   • Reduced	  trip	  for	  off-­‐cycle	  reads	  
• Eliminate	  manual	  meter	  readers	  and	  
equipment	  costs	  
• Reduced	  call	  centre	  transactions	  
• Facilitate	  remote	  connection/	  
disconnection	  	  
Revenue	  Cycle	  Services	  –	  Billing,	  Accounting,	  
Revenue	  Protection	  
• Reduced	  back	  office	  rebilling	  
• Early	  Detection	  of	  meter	  tampering	  and	  
illegal	  usage/theft	  
• Reduced	  estimated	  billing	  and	  billing	  
errors	  
Transmission	  and	  Distribution	   • Improved	  transformer	  load	  management	  
• Improved	  capacitor	  bank	  switching	  
• Data	  for	  improved	  efficiency,	  reliability	  
of	  service,	  losses,	  and	  loading	  
• Improved	  data	  for	  efficient	  grid	  system	  
design	  
• Power	  quality	  data	  for	  the	  service	  areas	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Marketing	  and	  Load	  Forecasting	   • Reduced	  costs	  for	  collecting	  load	  
research	  data	  
Utility	   • Peak	  load	  management	  
• Reduced	  regulatory	  complaints	  
• Improved	  customer	  premise	  safety	  and	  
risk	  profile	  
• Reduced	  employee	  safety	  incidents	  
External	  Stakeholders	   • Improved	  environmental	  benefits	  
• Support	  for	  the	  Smart	  Grid	  initiatives,	  
electric	  vehicle	  charging	  etc.	  	  
	  
Major	  Australian	  Smart	  Metering	  Pilots	  and	  Trials	  
• AusGrid	  –	  Smart	  Grid	  Smart	  City	  project	  (500,000	  interval	  meters)	  (NSW)	  
• CitiPower	  and	  Powercor	  AMI	  program	  (Vic)	  
• Endeavour	  Energy	  trials	  (NSW)	  
• Essential	  Energy	  pilot	  (2,500	  meters)	  (NSW)	  
• ETSA	  pilot	  (3,500	  meters)	  (SA)	  
• Victoria	  Smart	  meter	  trial	  (2.6	  million	  meters)	  (NSW)	  
• Western	  Power	  Smart	  Grid	  Foundation	  Program	  (10,000	  meters)	  (WA)	  
(*note	  all	  number	  of	  smart	  meters	  were	  obtained	  from	  ENA,	  2012)	  
International	  Smart	  meter	  Pilots	  and	  Trials	  
By	  the	  end	  of	  2014	  worldwide	  rollout	  of	  smart	  meters	  is	  expected	  to	  be	  about	  212	  million	  units.	  
Below	  is	  a	  list	  of	  a	  number	  of	  rollouts	  that	  have	  occurred:	  
• Austin	  Energy	  one	  of	  the	  largest	  electric	  utility	  companies	  in	  the	  US	  has	  begun	  deploying	  SM	  
to	  approximately	  260,000	  residential	  customers	  in	  2008	  (Wang	  L	  et	  al.	  2012).	  
• Centre	  Point	  Energy	  will	  have	  deployed	  approximately	  2	  million	  SM	  to	  customers	  by	  the	  end	  
of	  2012	  (Wang	  L	  et	  al.	  2012).	  
• Enel	  in	  Italy	  has	  started	  deploying	  SM	  to	  27	  million	  customers	  (ClimateLab,	  2009).	  
• Government’s	  objective	  for	  the	  energy	  industry	  in	  Germany	  is	  to	  increase	  the	  generation	  of	  
electricity	  from	  renewable	  energy	  sources	  to	  80%	  by	  2050.	  Though	  this	  will	  provide	  many	  
challenges	  for	  power	  transmission	  and	  distributing	  to	  the	  final	  consumer	  in	  which	  SM	  will	  be	  
a	  major	  consideration	  in	  the	  development	  process	  (Ullrich,	  2011)	  
Smart	  metering	  that	  is	  integrated	  with	  online	  portals	  or	  in	  home	  displays	  (IHD)	  is	  well	  established	  in	  
the	  USA	  and	  UK,	  especially	  for	  the	  energy	  sector.	  	  Companies	  including	  OPower,	  GreenWave	  Reality	  
and	  Tendril	  provide	  smart	  services	  for	  energy	  utilites,	  where	  SmartReach	  is	  also	  undergoing	  smart	  
meter	  trials	  for	  water	  utilities	  (Laskey	  and	  Kavazovic,	  2010;	  OPOWER,	  2012;	  Greenwave	  Reality,	  
2012;	  Tendril,	  2012;	  SmartReach,	  2012).	  
	  
Figure	  3	  shows	  a	  2012	  update	  of	  a	  number	  of	  pilots	  and	  trials	  that	  have	  already	  been	  implemented	  
globally.	  The	  key	  can	  be	  seen	  as	  follows:	  Red-­‐	  electricity,	  Green	  –	  gas,	  Blue	  –	  water,	  Triangle	  –	  Trial	  
or	  pilot,	  Circle	  -­‐	  Project	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Figure	  2:	  Locations	  of	  SM	  pilots	  and	  trials	  globally	  from	  2012	  (Accessed	  from	  
http://maps.google.com/maps/ms?ie=UTF8&oe=UTF8&msa=0&msid=115519311058367534348.0000011362ac6d7d211
87)	  
Definition	  of	  a	  Smart	  Grid	  
The	  European	  Technology	  Platform	  Smart	  Grid	  (ETPSG)	  defines	  the	  smart	  grid	  as:	  
“A	  smart	  grid	  is	  an	  electricity	  network	  that	  can	  intelligently	  integrate	  the	  actions	  of	  all	  users	  
connected	  to	  it	  –	  generators,	  consumers	  and	  those	  that	  do	  both	  –	  in	  order	  to	  efficiently	  deliver	  
sustainable,	  economic	  and	  secure	  electricity	  supplies.”	  
	  
“Smart	  grids	  deploy	  information	  and	  communications	  technologies	  to	  link	  devices	  and	  information,	  
market	  and	  commercial	  considerations	  to	  engage	  users,	  environmental	  impacts,	  regulatory	  
framework,	  standards	  for	  interoperability,	  managing	  social	  and	  government	  requirements,	  and	  
transformation	  strategies	  to	  handle	  the	  new	  environment”	  (Smart	  Grid	  Australia	  SGA,	  n.d).	  
Types	  of	  Infrastructure	  	  
SM	  systems	  operate	  through	  a	  relatively	  simple	  overall	  process.	  The	  real-­‐time	  data	  the	  SM	  has	  
collected	  is	  transmitted	  via	  a	  Local	  Area	  Network	  (LAN)	  to	  data	  collectors	  (EEI,	  2011).	  The	  data	  
collector	  receives	  this	  data	  and	  transmits	  it	  via	  a	  Wide	  Area	  Network	  (WAN)	  to	  the	  utility	  central	  
collection	  point	  (EEI,	  2011).	  Because	  the	  communications	  system	  is	  two-­‐way,	  information	  and	  
controls	  can	  be	  sent	  between	  meters,	  the	  customer’s	  premise	  and	  the	  utility.	  Home	  Area	  Networks	  
(HAN)	  allows	  the	  transmission	  of	  information	  and	  controls	  throughout	  the	  household	  to	  appliances	  
and	  In-­‐house	  displays	  (IHD)	  (EEI,	  2011).	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Home	  Area	  Network	  (HAN)	  
A	  HAN	  will	  connect	  all	  electrical	  appliances	  including	  In-­‐house	  displays	  (IHD)	  together	  to	  allow	  the	  
monitoring	  and	  management	  of	  energy	  use.	  Meter	  data	  as	  well	  as	  the	  data	  received	  by	  the	  meter	  
from	  the	  WAN	  can	  be	  transmitted	  to	  other	  appliances	  as	  well	  as	  a	  smart	  home	  unit.	  The	  smart	  home	  
unit	  will	  have	  the	  capabilities	  to	  control	  or	  switch	  off	  appliances	  based	  on	  the	  information	  they	  
receive	  (Balmert,	  et	  al.	  2012).	  
Household	  Appliances	  
Appliances	  are	  connected	  to	  a	  smart	  home	  unit	  which	  will	  be	  used	  to	  control	  and	  measure	  the	  
amount	  of	  energy	  used	  by	  an	  appliance.	  The	  smart	  home	  unit	  is	  connected	  to	  the	  communication	  
module	  where	  it	  receives	  information	  and	  data	  about	  energy	  usage.	  
Bluetooth	  
Smart	  meters	  can	  transmit	  data	  to	  the	  communication	  module	  by	  being	  hardwired	  but	  are	  more	  
likely	  to	  communicate	  via	  Bluetooth	  based	  functions	  which	  transmit	  data	  wirelessly	  to	  a	  base	  station	  
which	  can	  then	  be	  transmitted	  to	  larger	  networks.	  
In-­‐House	  Displays	  (IHD)	  
IHD	  are	  connected	  to	  the	  metering	  or	  communication	  device	  and	  provides	  direct	  feedback	  of	  real-­‐
time	  consumption	  data.	  This	  information	  can	  also	  be	  seen	  through	  a	  webpage,	  like	  that	  carried	  out	  
in	  the	  Greensense	  trial	  in	  the	  Perth	  H2omeSmart	  behaviour	  change	  program	  to	  reduce	  water	  use.	  
IHD	  are	  commonly	  used	  in	  behaviour	  change	  programs	  to	  reduce	  energy	  and	  water	  use.	  Although	  
not	  mandatory	  in	  smart	  metering	  infrastructure,	  they	  will	  provide	  the	  best	  means	  to	  reduce	  
resource	  use	  and	  are	  a	  valuable	  SM	  component.	  
IHD	  are	  continually	  advancing	  to	  become	  ‘smarter’.	  Such	  as	  Erica	  Pozzey	  from	  Queensland	  University	  
of	  Technology,	  who	  developed	  “Triad	  Energy”.	  Triad	  energy	  is	  a	  wall	  display	  unit	  that	  can	  be	  used	  for	  
a	  management	  system.	  It	  displays	  and	  is	  capable	  of	  the	  following	  (Sustainability	  Matters,	  2012);	  
• How	  much	  energy	  you	  are	  using	  
• How	  close	  you	  are	  to	  your	  target	  you	  have	  set	  
• How	  it	  compares	  to	  other	  similar	  size	  households	  nearby	  
• Send	  and	  receive	  a	  detailed	  history	  of	  your	  usage	  and	  gain	  information	  from	  others	  
• Send	  alerts	  to	  your	  mobile	  when	  you	  are	  nearing	  your	  set	  targets	  
LAN	  
There	  are	  two	  main	  types	  of	  LAN	  technologies,	  Radio	  Frequency	  (RF)	  and	  Power	  Line	  Carrier	  (PLC)	  or	  
Broadband	  over	  Power	  Lines	  (BPL)	  
Radio	  Frequency	  
With	  radio	  frequency,	  information	  is	  transmitted	  by	  wireless	  radio	  from	  the	  meter	  to	  a	  collection	  
point,	  and	  then	  delivered	  to	  the	  utility’s	  central	  location	  point	  through	  various	  technologies	  
(EEI,2011).	  The	  types	  of	  RF	  technologies	  include	  ‘mesh’	  (smart	  meters	  ‘talk’	  to	  each	  other	  to	  form	  a	  
LAN	  cloud	  to	  a	  collector)	  or	  ‘point	  to	  point’	  (smart	  meters	  ‘talk’	  directly	  to	  a	  collector	  usually	  through	  
a	  tower)	  (EEI,	  2011).	  Information	  is	  then	  passed	  on	  from	  the	  collector	  to	  the	  utilities	  central	  
collection	  point	  through	  WAN	  or	  collection	  towers	  respectively.	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PLC/BPL	  
PLC	  or	  BPL	  communications	  transfer	  data	  which	  supports	  the	  communication	  suites	  TCP/IP	  (protocol	  
used	  by	  major	  internet	  applications),	  where	  TCP/IP	  technology	  can	  also	  be	  used	  in	  multiple	  
communication	  devices	  (Wang	  et	  al.	  2012).	  They	  use	  the	  existing	  electrical	  distribution	  network	  as	  a	  
communication	  channel	  (electricity	  grid,	  cellular	  network,	  wireless	  modem,	  existing	  internet	  
connection,	  power-­‐line	  communication	  etc)	  (Wang	  et	  al.	  2012).	  This	  type	  of	  data	  transfer	  is	  limited	  
because	  it	  can’t	  be	  transferred	  through	  power	  transformers	  and	  is	  only	  appropriate	  for	  medium	  and	  
low	  voltage	  power	  lines.	  Because	  of	  this	  PLC	  and	  BPL	  can	  be	  connected	  to	  a	  data	  concentrator	  and	  
then	  connected	  to	  the	  back-­‐end	  via	  alternative	  communication	  channels	  such	  as	  mobile	  phone	  
technology,	  ISDN	  or	  DSL	  (Balmert	  et	  al.	  2012).	  
Wide	  Area	  Network	  (WAN)	  
Throughout	  the	  network	  there	  is	  a	  large	  amount	  of	  data	  that	  is	  required	  to	  be	  transferred	  between	  
the	  utility,	  smart	  meter	  and	  the	  home	  appliances.	  Therefore	  it	  is	  extremely	  important	  that	  data	  is	  
kept	  confidential	  and	  only	  available	  to	  restricted	  personnel.	  	  
The	  metering	  data	  or	  load	  curve	  is	  needed	  to	  enable	  the	  required	  smart	  metering	  functionalities,	  
and	  needs	  to	  be	  made	  available	  in	  digital	  format,	  as	  well	  as	  being	  able	  to	  process	  the	  data,	  submit	  it	  
and	  to	  receive	  and	  process	  data	  as	  well	  (Balmert	  et	  al.	  2012).	  This	  will	  be	  involved	  in	  the	  requests	  for	  
actual	  meter	  data,	  tariff	  information	  and	  updates,	  commands	  for	  a	  remote	  dis/connection	  and/or	  
load	  limitation,	  firmware	  updates	  etc.,	  WAN	  will	  provide	  a	  means	  for	  this	  data	  to	  be	  transmitted	  
between	  the	  meter	  and	  associated	  communication	  devices/modules	  and	  energy	  demand	  
management	  system	  through	  the	  use	  of	  likely	  private	  (or	  public)	  network	  transports.	  (Balmert	  ,	  et	  al.	  	  
2012).	  There	  are	  a	  number	  of	  WAN	  technologies	  including	  PLC	  which	  has	  been	  talked	  about	  above,	  
others	  include	  Global	  systems	  for	  Mobile	  Communications,	  Broadband	  and	  optical	  fibre.	  
GSM/GPRS/UMTS	  based	  mobile	  phone	  technology	  
Global	  System	  for	  Mobile	  Communications	  (GSM)	  uses	  mobile	  phone	  networks	  to	  send	  and	  receive	  
data	  efficiently	  and	  fast	  and	  can	  be	  used	  to	  transfer	  both	  the	  data	  and	  control	  signals	  over	  large	  
distances	  (Balmert	  et	  al.	  2012).	  It	  is	  normally	  deployed	  for	  direct	  connections	  between	  meter	  devices	  
and	  the	  EDM	  when	  there	  is	  low	  ‘smart	  meter	  density’	  and	  no	  data	  concentrator	  where	  single	  
communication	  units	  are	  relatively	  costly	  although	  additional	  infrastructure	  is	  not	  required	  (Balmert	  
et	  al.	  2012).	  
Broadband	  internet	  connections	  (DSL)	  
The	  consumers	  broadband	  internet	  connection	  can	  transmit	  data	  directly	  to	  the	  EDM,	  where	  
modern	  meters	  have	  TCP/IP	  output	  and	  allow	  direct	  access	  to	  the	  internet	  and	  sent	  via	  the	  Internet	  
Protocal	  (Balmert	  et	  al.	  2012).	  However	  the	  use	  of	  public	  networks	  increases	  the	  security	  risks	  and	  
associated	  danger	  of	  confidential	  information	  being	  hijacked.	  Although	  more	  expensive,	  optical	  
fibres	  are	  more	  difficult	  to	  tap	  into	  than	  electrical	  wired	  or	  wireless	  communication,	  and	  are	  also	  
immune	  to	  electromagnetic	  interference	  (DNV,	  2012).	  See	  Figure	  4	  below	  for	  the	  set	  up	  of	  each	  
option.	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Figure	  4:	  Set	  up	  of	  PLC,	  GSM/GPRS	  and	  DSL	  technology	  
Optical	  Fibre	  cable	  
Optical	  fibre	  cables	  are	  used	  as	  a	  two-­‐way	  communication	  system	  where	  communication	  occurs	  
through	  a	  cable,	  and	  not	  wirelessly.	  Using	  cable	  in	  generally	  more	  expensive	  due	  to	  the	  need	  to	  
implement	  and	  install	  cable	  between	  communication	  points,	  it	  can	  be	  securely	  fitted	  to	  existing	  
power	  cables.	  A	  major	  benefit	  of	  using	  cable	  is	  to	  increase	  cyber	  security	  issues	  by	  not	  using	  public	  
networks,	  in	  which	  cable	  is	  more	  difficult	  to	  tap	  into	  and	  is	  also	  immune	  to	  electromagnetic	  
interference.	  Cable	  can	  also	  be	  used	  where	  wireless	  communication	  or	  mobile	  networks	  are	  
unavailable	  in	  remote	  locations.	  	  
SCADA	  
Supervisory	  Control	  And	  Data	  Acquisition	  (SCADA)	  is	  the	  ability	  to	  monitor,	  control	  and	  alarm	  the	  
generation,	  transformation,	  transmission	  and	  distribution	  of	  electricity.	  It	  communicates	  with	  logic	  
controllers,	  protection	  relays,	  and	  automatic	  voltage	  regulators	  to	  control	  and	  collect	  information	  
from	  the	  power	  network	  (Edibon	  Interntational,	  2012).	  SCADA	  can	  be	  used	  through	  a	  human	  to	  
machine	  interface	  that	  can	  be	  used	  to	  quickly	  and	  effectively	  make	  aware	  and	  resolve	  issues	  
throughout	  the	  grid.	  	  
Australia	  Smart	  Meter	  Pilots	  and	  Trials	  and	  their	  applications	  
Kalgoorlie	  Smart	  Metering	  Trial	  (WA)-­‐	  The	  trial	  was	  developed	  in	  response	  to	  significant	  
occupational	  and	  safety	  risks	  that	  was	  putting	  conventional	  meter	  readers	  in	  unsafe	  conditions.	  
Reducing	  high	  water	  using	  households	  and	  improving	  water	  efficiency	  in	  a	  town	  with	  increasing	  
water	  demand	  were	  also	  focus	  points	  for	  the	  trial	  (Peach,	  2012).	  Almost	  14,000	  meters	  were	  
installed	  on	  all	  residential	  and	  some	  commercial	  properties,	  AMI	  and	  communications	  network	  was	  
used	  to	  allow	  data	  transmission	  to	  the	  Corporations	  meter	  data	  management	  system	  and	  made	  
available	  to	  a	  customer	  via	  portals	  to	  initiate	  BCP	  to	  reduce	  water	  use.	  Water	  supplied	  to	  Kalgoorlie	  
has	  since	  fallen	  by	  10%	  (Peach,	  2012).	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Methods	  
There	  are	  three	  main	  objectives	  that	  are	  to	  be	  investigated	  in	  this	  study,	  
1. Investigate	  the	  applications	  of	  AMI	  in	  Western	  Australia,	  and	  its	  role	  in	  Smart	  Grids	  
2. Investigate	  the	  problems	  and	  key	  components	  that	  will	  need	  to	  be	  addressed	  in	  Western	  
Australia	  to	  develop	  a	  Smart	  Grid.	  
3. A	  step	  guide	  to	  developing	  a	  Smart	  Grid	  	  
The	  type	  of	  research	  that	  will	  be	  used	  to	  investigate	  these	  objectives	  is	  qualitative	  research,	  in	  which	  
an	  in-­‐depth	  literature	  review	  of	  journal	  articles,	  books,	  web	  pages,	  audio	  recordings	  and	  magazines	  
was	  carried	  out.	  	  
A	  document	  analysis	  was	  used	  throughout	  the	  study	  to	  ensure	  that	  the	  information	  that	  was	  used	  
was	  relevant	  to	  the	  study	  and	  that	  the	  information	  was	  authentic,	  credible	  and	  had	  sufficient	  
meaning.	  The	  list	  used	  in	  the	  document	  analysis	  can	  be	  seen	  below.	  Once	  the	  literature	  was	  found	  
and	  reviewed,	  these	  questions	  where	  asked	  internally	  to	  determine	  its	  relevance.	  
1. Who	  wrote	  the	  document?	  
2. Where	  was	  it	  written,	  when	  and	  why?	  
3. What	  kind	  of	  document	  is	  it?	  
4. Do	  you	  know	  what	  the	  author’s	  point	  of	  view	  is?	  
5. What	  was	  this	  document	  meant	  to	  accomplish?	  
6. What	  was	  the	  document	  audience?	  
7. What	  is	  the	  main	  argument/point	  of	  the	  document?	  
8. What	  conclusions	  can	  be	  drawn	  from	  your	  analysis?	  
9. What	  evidence	  from	  your	  other	  sources	  support	  this?	  
It	  is	  important	  to	  note	  that	  the	  case	  studies	  chosen	  will	  be	  used	  to	  show	  a	  more	  detailed	  account	  of	  
the	  applications	  of	  smart	  metering.	  Case	  Study	  1:	  Greensense	  residential	  smart	  meter	  trial	  was	  a	  
project	  that	  was	  closely	  worked	  on	  and	  understood	  at	  ENV	  Australia	  throughout	  my	  internship.	  It	  
shows	  how	  SMI	  can	  be	  used	  throughout	  the	  residential	  sector	  to	  achieve	  water	  efficiency	  and	  
reductions	  in	  water	  use.	  It	  was	  chosen	  because	  it	  relates	  directly	  to	  Western	  Australia,	  has	  smart	  
technologies	  that	  are	  directly	  applicable	  to	  this	  study,	  and	  because	  the	  study	  was	  worked	  on	  as	  part	  
of	  the	  placement,	  their	  was	  available	  quantitative	  data	  that	  showed	  the	  study	  was	  successful	  in	  a	  
Western	  Australian	  environment.	  Which	  was	  important	  when	  the	  investigation	  objective	  was	  
applications	  in	  Western	  Australia,	  and	  if	  the	  trial	  were	  not	  successful	  it	  would	  be	  unlikely	  to	  be	  used	  
in	  future	  trials.	  
Case	  Study	  2:	  Ausgrids	  Smart	  Grid	  Smart	  City	  trial	  shows	  the	  broader	  applications	  of	  SM	  and	  
Advanced	  Metering	  Infrastructure	  (AMI).	  The	  trial	  demonstrates	  that	  the	  future	  applications	  of	  
electricity	  AMI	  will	  be	  used	  in	  Smart	  Grids	  to	  control	  and	  manage	  the	  electricity	  grid.	  This	  trial	  was	  
chosen	  due	  to	  it	  being	  the	  greatest	  advance	  towards	  developing	  a	  Smart	  Grid	  in	  Australia.	  As	  this	  
was	  research	  to	  be	  the	  leading	  edge	  trial	  in	  Australia,	  it	  was	  important	  that	  this	  was	  discussed	  as	  
Case	  Study	  2.	  	  
Eurelectric	  (Eurelectric,	  2012)	  outlines	  a	  10-­‐step	  approach	  to	  develop	  a	  Smart	  Grid.	  These	  general	  
steps	  have	  been	  used	  and	  related	  back	  to	  a	  Western	  Australia	  context	  were	  possible.	  Using	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examples	  from	  and	  my	  research	  in	  smart	  metering	  and	  AMI	  in	  Western	  Australia	  I	  have	  outlined	  the	  
relevant	  information	  in	  each	  of	  the	  steps,	  which	  needs	  to	  be	  considered	  when	  developing	  a	  Smart	  
Grid	  in	  Western	  Australia.	  These	  steps	  have	  been	  chosen	  to	  be	  appropriate	  because	  they	  cover	  all	  
aspects	  of	  AMI	  and	  things	  that	  need	  to	  be	  considered	  in	  developing	  a	  Smart	  Grid.	  
	  
Case	  Study	  1:	  Greensense	  residential	  smart	  meter	  trial	  for	  the	  Perth	  
H2omesmart	  behaviour	  change	  program	  
Overview	  
The	  Greensense	  smart	  meter	  trial	  was	  developed	  to	  show	  how	  real-­‐time	  water	  use	  monitoring	  and	  
online	  feedback	  could	  be	  integrated	  into	  a	  behaviour	  change	  program	  (BCP).	  Greensense	  is	  a	  leading	  
Perth-­‐based	  sustainability	  consultancy	  and	  technology	  services	  provider.	  The	  trial	  was	  used	  in	  the	  
Water	  Corporation’s	  Perth	  H2ome	  Smart	  BCP	  to	  reduce	  water	  use.	  A	  pulse	  head	  data	  logger	  was	  
installed	  onto	  the	  water	  meter	  of	  10	  houses.	  Real	  time	  information	  was	  provided	  to	  each	  customer	  
via	  an	  online	  ‘Smart	  Meter	  Challenge	  Dashboard’.	  The	  logger	  notes	  a	  pulse	  every	  1L	  or	  5L	  used	  and	  
sends	  the	  data	  through	  the	  mobile	  3G	  network	  where	  information	  was	  uploaded	  every	  4	  hours	  onto	  
the	  dashboard.	  The	  integration	  of	  real-­‐time	  water	  consumption	  feedback	  technologies	  in	  this	  
behaviour	  change	  project	  showed	  water	  savings	  can	  be	  made.	  
Why	  use	  smart	  meters	  in	  BCP’s	  to	  reduce	  water?	  
Throughout	  Australia,	  drought	  conditions	  from	  the	  periods	  1996	  to	  2007	  (Johnson,	  2011),	  coupled	  
with	  population	  growth	  and	  inappropriate	  investment	  in	  infrastructure	  and	  population	  growth	  
(Spies,	  2012)	  has	  pressured	  most	  states	  to	  introduce	  water	  demand	  management	  strategies	  
(adoption	  and	  implementation	  of	  a	  strategy	  by	  a	  water	  authority	  or	  consumer	  to	  influence	  water	  
demand	  and	  usage	  (Johnson,	  2011)).	  Water	  use	  restrictions	  and	  water	  efficiency	  programs	  are	  often	  
cheaper	  to	  implement	  that	  many	  other	  options	  including	  infrastructure	  upgrades.	  	  	  
Many	  of	  these	  water	  efficiency	  programs	  have	  been	  aimed	  to	  reduce	  water	  use	  through	  behaviour	  
change,	  in	  which	  water	  data	  is	  an	  important	  component	  in	  the	  design,	  implementation,	  operation	  
and	  maintenance	  of	  these	  programs.	  Many	  of	  these	  programs	  have	  developed	  in	  some	  way,	  an	  
increase	  in	  the	  data	  frequency	  or	  consumption	  data	  that	  is	  seen	  by	  customers.	  This	  is	  seen	  in	  the	  
increased	  number	  of	  manual	  meter	  reads	  as	  seen	  in	  the	  Perth	  H2ome	  Smart	  BCP,	  or	  by	  using	  smart	  
metering	  and	  AMI	  as	  seen	  in	  the	  Perth	  Greensense	  trial.	  	  
People	  need	  to	  become	  aware	  of	  resource	  wastage,	  and	  once	  this	  occurs	  we	  can	  begin	  to	  reduce	  
and	  improve	  it.	  If	  you	  don’t	  know	  anything	  is	  wrong,	  how	  are	  you	  meant	  to	  improve	  it?	  This	  is	  often	  
an	  issue	  with	  consumers	  of	  water,	  energy	  and	  gas	  where	  these	  resources	  are	  often	  not	  visible,	  we	  
can’t	  see	  it	  so	  how	  are	  we	  meant	  to	  visualize	  the	  volumes	  of	  electricity	  we	  are	  using,	  where	  water	  is	  
often	  down	  the	  drain	  before	  we	  have	  a	  chance	  to	  see	  the	  large	  volumes	  of	  water	  that	  is	  wasted.	  SM	  
show	  individuals	  how	  much	  of	  a	  particular	  resource	  they	  are	  using,	  which	  is	  why	  SM	  can	  provide	  
many	  benefits	  to	  BCP.	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Psychology	  behind	  a	  BCP	  
The	  implications	  and	  benefits	  that	  smart	  metering	  provides	  to	  Behaviour	  change	  programs	  have	  
been	  well	  documented.	  Where	  strong	  social	  comparison	  messages	  have	  behavioural	  influences	  on	  
residential	  households	  in	  reducing	  water	  use	  (Price	  and	  Ferraro,	  2009)	  and	  energy	  reductions	  are	  
achieved	  though	  comparing	  electricity	  consumption	  with	  neighbour’s	  consumption	  but	  these	  
‘reports’	  sent	  out	  by	  the	  utility	  must	  be	  targeted	  towards	  particular	  ideological	  groups	  to	  be	  
effective	  (Costa	  and	  Kahn,	  2010).	  
Origin	  Energy	  is	  Australia’s	  leading	  integrated	  Energy	  Company	  and	  has	  outlined	  that;	  
"Studies	  in	  psychology,	  health	  and	  education	  have	  proven	  that	  people	  change	  when	  they	  set	  a	  goal,	  
know	  how	  to	  reach	  the	  goal,	  and	  have	  feedback	  on	  their	  progress	  toward	  their	  goal,	  Studies	  also	  
show	  that	  social	  support	  and	  feedback	  from	  others	  is	  key	  to	  change.	  Many	  health	  and	  educational	  
programs,	  such	  as	  weight	  loss	  and	  smoking	  cessation,	  have	  adopted	  this	  basic	  approach	  to	  learning	  
and	  change."	  (Origin,	  2012)	  
Origin	  have	  established	  these	  Behavioural	  principles	  and	  extended	  them	  to	  their	  home	  energy	  
management	  system	  ‘Origin	  Smart.’	  
The	  Perth	  H2ome	  Smart	  program	  was	  designed	  around	  the	  principles	  of	  Community	  Based	  Social	  
Marketing:	  
The	  planning	  phase:	  During	  this	  phase	  database	  was	  cleansed	  for	  participants,	  drafting	  of	  all	  
brochures,	  websites,	  feedback	  letters,	  eco-­‐coach	  training	  and	  planning	  community	  engagement	  
events.	  
The	  Delivery	  phase:	  Was	  broken	  into	  6	  rounds,	  within	  each	  round	  meter	  reading,	  data	  analysis,	  
feedback	  letters,	  eco-­‐coaching	  phone	  calls,	  prizes	  and	  media	  occurred.	  	  
The	  Evaluation	  phase:	  In	  which	  program	  water	  savings	  was	  calculated.	  
 
Figure	  5:	  The	  ENV	  Feedback	  loop	  within	  each	  Round	  deigned	  for	  the	  use	  in	  ENV’s	  H2omeSmart	  BCP’s	  
The	  Value	  of	  Smart	  meters	  in	  BCP	  
The	  benefits	  of	  integrating	  smart	  metering	  in	  behaviour	  change	  programs	  include:	  
Meter	  Read	  
Provides	  real	  household	  data	  for	  
parpcipapng	  and	  control	  households	  
Data	  Analysis	  
Compares	  meter	  read	  vs.	  meter	  
read	  (experimental	  vs.	  control	  )	  for	  
each	  household	  to	  idenpfy	  savings	  
Feedback	  Leqer	  
Provides	  individualised	  feedback	  
with	  regards	  to	  the	  household	  use	  
and	  savings	  
Eco-­‐coaching	  
Specialist	  eco-­‐coaches	  discuss	  
water	  use	  and	  savings	  feedback,	  
and	  how	  the	  household	  can	  further	  
save	  water	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• Making	  water	  consumption	  more	  tangible	  to	  customers	  as	  their	  actions	  can	  be	  linked	  to	  
their	  consumption	  
• Continuous	  water	  consumption	  feedback	  allows	  the	  uses	  control	  their	  flexibility	  in	  their	  level	  
of	  engagement	  
• Display	  units	  (online	  portals	  or	  IHD)	  allow	  customers	  to	  access	  water	  consumption	  from	  
multiple	  devices	  and	  any	  location.	  
• Display	  units	  are	  flexible	  and	  can	  be	  modified	  to	  incorporate	  gas,	  water	  and	  electricity	  usage.	  
• Data	  can	  be	  made	  available	  to	  the	  utility	  and	  allow	  the	  introduction	  of	  different	  billings	  
systems	  and	  comparative	  analysis	  of	  data	  more	  quickly.	  
The	  Greensense	  Trial	  
The	  process	  was	  separated	  into	  three	  parts,	  being;	  
1. The	  collection	  of	  data	  
2. Processing	  data	  in	  real	  time	  
3. Presenting	  the	  data	  on	  the	  GreensenseView	  dashboard	  
	  
	  
Figure	  6:	  The	  Greensense	  Process	  
	  
Collection	  of	  Data	  
A	  pulse	  head	  data	  logger	  was	  installed	  on	  each	  of	  the	  house’s	  water	  meter	  in	  which	  it	  logged	  a	  pulse	  
every	  1L	  or	  5L	  used	  (different	  for	  meter	  types),	  in	  which	  this	  data	  was	  sent	  through	  a	  mobile	  3G	  
network.	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Figure	  7:	  Unidata	  logger	  is	  connected	  to	  a	  V100	  Elster	  water	  meter	  via	  a	  T-­‐probe.	  
	  
GreensenseView	  
An	  online	  portal	  was	  developed	  for	  each	  household	  that	  was	  customized	  to	  the	  H2omesmart	  
program	  and	  accessible	  from	  any	  web	  browser.	  
	  
Figure	  8:	  GreeensenseView	  for	  the	  smart	  meter	  challenge	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This	  screen	  was	  used	  to	  launch	  the	  customer’s	  dashboard,	  extract	  water	  consumption	  or	  number	  of	  
occupant	  data	  in	  a	  number	  of	  formats,	  compare	  water	  consumption	  and	  view	  hourly-­‐average	  water	  
consumption	  for	  an	  average	  week.	  
	  
Online	  Dashboard	  
The	  data	  captured	  and	  processed	  was	  displayed	  on	  a	  dashboard.	  The	  data	  is	  uploaded	  every	  4	  hours,	  




Figure	  9:	  The	  Smart	  Meter	  Challenge	  Dashboard	  
The	  dashboard	  showed:	  
• The	  other	  households	  water	  use	  throughout	  each	  week	  to	  inspire	  competition	  between	  
households	  to	  reduce	  water,	  
• Daily	  weather,	  and	  the	  customers	  water	  use	  quintile	  (related	  water	  use	  to	  
buckets/person/day)	  
• Waterwise	  tips	  
Throughout	  the	  program	  the	  participants	  received	  eco-­‐coaching	  calls	  to	  guide	  participants	  in	  ways	  of	  
reducing	  water,	  sent	  information	  packs	  and	  letter	  to	  act	  as	  physical	  reminder	  of	  the	  challenge,	  and	  
received	  feedback	  letters	  on	  their	  water	  use	  to	  encourage	  more	  water	  savings.	  
Results	  of	  the	  trial	  
As	  can	  be	  seen	  in	  Figure	  10	  water	  savings	  were	  made,	  but	  due	  to	  the	  nature	  of	  this	  program,	  it	  is	  not	  
possible	  to	  solely	  attribute	  these	  water	  savings	  from	  implementing	  an	  online	  dashboard	  that	  
provided	  real-­‐time	  water	  use	  data	  and	  is	  important	  to	  note	  the	  season	  effect	  on	  water	  consumption	  
with	  the	  large	  decrease	  in	  consumption	  at	  the	  start	  of	  the	  program	  coincides	  with	  winter	  and	  not	  a	  
direct	  result	  of	  smart	  meter	  installation.	  It	  was	  found	  that	  interaction	  with	  the	  dashboard	  by	  the	  
participants	  was	  lower	  than	  expected	  although	  participants	  enjoyed	  seeing	  their	  water	  use	  in	  real-­‐
time.	  Below	  outlines	  a	  number	  of	  points	  and	  things	  learnt	  from	  the	  program	  that	  would	  benefit	  
future	  programs;	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• Improved	  accuracy	  of	  meters	  to	  provide	  real-­‐time	  data	  and	  allow	  actions	  to	  be	  directly	  
correlated	  to	  water	  use	  
• One	  solution	  doesn’t	  fit	  all	  when	  it	  comes	  to	  displaying	  water	  use	  data,	  some	  participants	  
preferred	  the	  web-­‐portal,	  and	  others	  would	  rather	  an	  IHD.	  Personalised	  display	  options	  for	  
future	  BCP	  would	  be	  required.	  
• Integrated	  information	  for	  this	  trial	  was	  done	  manually	  and	  will	  be	  required	  to	  be	  analysed	  
automatically	  for	  future	  and	  larger-­‐scaled	  BCP.	  	  
	  
Figure	  10:	  Average	  daily	  water	  use	  (L/p/day)	  of	  Greensense	  VIP	  households.	  
Case	  Study	  2:	  Ausgrids	  Smart	  Grid	  Smart	  City	  	  
Ausgrid’s	  Smart	  Grid	  Smart	  City	  (SGSC)	  was	  developed	  to	  test	  demand	  side	  response	  solutions,	  as	  
well	  as	  the	  benefits	  and	  costs	  of	  new	  smart	  grid	  supply	  technologies,	  in	  a	  production	  environment	  
with	  customers	  in	  an	  Australian	  setting	  (which	  has	  been	  developed	  in	  NSW	  and	  will	  involve	  up	  to	  
30,000	  households)	  (Smart	  Grid	  Smart	  City,	  2012).	  SGSC	  will	  help	  Australia	  move	  towards	  a	  national	  
rollout	  of	  smart	  grids	  through	  its	  research	  and	  development	  of	  smart	  grid	  technologies.	  
“The	  necessary	  rollout	  of	  smart	  grids	  will	  require	  considerable	  research	  and	  development	  to	  bring	  
these	  new	  technologies	  into	  Australia’s	  energy	  networks.	  We	  need	  to	  test	  these	  new	  technologies	  
and	  understand	  how	  they	  will	  interact	  in	  a	  network	  environment,	  in	  order	  to	  optimise	  our	  operation	  
from	  the	  customer	  right	  back	  to	  energy	  generation.	  To	  do	  this	  we	  need	  strong	  partnerships	  with	  our	  
research	  community”,	  said	  Charles	  Popple,	  Chairman	  of	  Smart	  Grids	  Australia,	  2011.	  
The	  trial	  measures	  the	  consumer’s	  ability	  to	  reduce	  energy	  use	  and	  peak	  load	  demand.	  Technologies	  
that	  will	  be	  used	  to	  induce	  these	  behaviour	  changes	  include	  smart	  meters,	  IHD,	  web	  display	  portals,	  
demand	  response	  enabled	  devices	  and	  home	  energy	  management	  systems.	  	  
By	  testing	  automated	  fault	  detection,	  isolation	  and	  response	  and	  power	  quality	  feedback	  on	  the	  
grid,	  the	  trial	  seeks	  to	  improve	  network	  reliability,	  improve	  switching	  activities,	  enhance	  fault	  
detection,	  reduce	  the	  number	  and	  impact	  of	  outages	  and	  reduce	  the	  costs	  of	  operation	  (ENA,	  2012).	  
Where	  the	  impact	  of	  increased	  penetration	  of	  distributed	  energy	  generation	  and	  storage	  on	  network	  
performance	  is	  also	  being	  trialled.	  This	  will	  enable	  the	  potential	  to	  produce	  a	  cost	  effective	  and	  
reliable	  reduction	  in	  network	  peak	  demand	  (ENA,	  2012).	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The	  project	  is	  scheduled	  for	  completion	  in	  2013	  and	  will	  lead	  in	  Australia’s	  greatest	  advance	  towards	  
developing	  a	  Smart	  Grid	  in	  Australia	  (400,000	  SM	  -­‐	  Compared	  to	  Western	  Australia’s	  largest	  smart	  
meter	  rollout	  of	  just	  under	  9,000	  SM	  by	  Western	  Power).	  Table	  1	  below	  outlines	  the	  main	  smart	  grid	  
technologies	  that	  have	  been	  developed	  in	  SGSC	  program,	  and	  the	  applications	  that	  AMI	  can	  be	  used	  
for.	  
Major	  findings	  to	  date	  include	  the	  following	  from	  the	  Smart	  Metering	  Pilots	  and	  Trials	  Report	  for	  
2012	  (ENA,	  2012):	  
• SM	  rollout	  has	  been	  delayed	  12	  months	  due	  to	  equipment	  and	  communication	  complexities.	  
• The	  creation	  of	  end	  to	  end	  solutions	  for	  customers	  has	  been	  challenging	  and	  has	  created	  the	  
need	  for	  a	  more	  complex	  and	  extensive	  integration	  work	  than	  first	  expected.	  	  
• It	  is	  emerging	  that	  web	  based	  product	  offerings	  may	  be	  more	  cost	  and	  functionally	  effective	  
than	  HAN	  based	  devices	  in	  homes.	  
• The	  supply,	  installation	  and	  integration	  of	  multiple	  new	  devices	  and	  technologies	  with	  
associated	  communication	  system	  requirements	  throughout	  the	  distribution	  network	  have	  so	  
far	  been	  challenging.	  
Table	  1:	  Ausgrid	  Smart	  Grid	  Smart	  City	  Technologies	  
Key	  Ausgrid,	  Smart	  Grid	  Smart	  City	  Technologies	  
Smart	  Meters	   400,000	  
Incentives	   Home	  energy	  assessments	  and	  rebate	  incentives	  will	  be	  used	  for	  energy	  
management	  to	  reduce	  peak	  demand	  and	  testing	  electric	  vehicles	  impact	  on	  
the	  grid.	  
Communications	   A	  new	  communication	  platform	  -­‐	  new	  fibre	  optic	  cables	  and	  carrier-­‐grade	  
Internet	  Protocol	  (IP)	  technology	  which	  will	  enable	  high	  speed	  
communications	  between	  substation	  and	  corporate	  sites,	  along	  with	  smart	  
monitoring	  and	  fault	  detection	  devices	  to	  collect	  data	  and	  allow	  faster	  fault	  
detection	  and	  repair/restore	  power	  more	  efficiently.	  
	  




Smart	  village	  and	  smart	  homes	  to	  be	  connected	  to	  the	  smart	  grid	  which	  will	  
have	  greater	  information	  control	  and	  energy	  efficient	  generation.	  
Households	  will	  incorporate	  real-­‐time	  water	  and	  energy	  use	  that	  will	  be	  
available	  through	  IHD,	  be	  able	  to	  turn	  off	  appliances	  (such	  as	  air	  
conditioning)	  remotely	  through	  smart	  phones,	  and	  be	  able	  to	  monitor	  their	  
energy	  online,	  compare	  energy	  use	  through	  neighbourhood	  competitions.	  	  
Distribution	  system	   Better	  automation	  of	  the	  grid	  will	  be	  achieved	  through	  analytical	  tools	  and	  
smart	  sensors	  at	  substations	  and	  major	  points	  along	  transmission	  cables.	  
	  
A	  well-­‐developed	  back-­‐end	  IT	  and	  business	  system	  to	  convert	  participant’s	  
data	  useful	  information	  that	  can	  be	  provided	  to	  stakeholders	  (planner,	  
utilities	  and	  consumers).	  
Alternative	  
Generation	  
Alternative	  distribution	  and	  energy	  generation	  devices	  including	  gas	  fuel	  
cells,	  battery	  storage,	  wind	  turbines	  and	  solar	  PV	  are	  also	  being	  developed	  
and	  tested.	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In	  summary	  in	  can	  be	  seen	  that	  in	  both	  case	  studies	  there	  is	  still	  much	  that	  needs	  to	  be	  developed	  
and	  learnt	  to	  ensure	  the	  successful	  coordination	  and	  workings	  of	  these	  and	  future	  trials.	  Both	  these	  
trials	  are	  helping	  to	  discover	  the	  problems	  and	  difficulties	  that	  will	  be	  faced	  and	  although	  the	  current	  
smart	  technologies	  are	  appropriate	  for	  these	  trials,	  the	  findings	  of	  both	  case	  studies	  indicate	  that	  
successfully	  incorporating	  these	  technologies	  to	  communication	  systems,	  distribution	  systems	  and	  
demand	  management	  are	  still	  only	  in	  the	  very	  early	  stages.	  The	  findings	  of	  these	  trials	  and	  others	  
like	  it	  will	  uncover	  any	  gaps	  which	  may	  need	  to	  be	  addressed	  in	  future	  SM	  rollouts	  and	  trials.	  In	  
which	  will	  help	  to	  develop	  a	  smarter	  grid	  by	  sharing	  results,	  optimizing	  learning	  and	  assessing	  if	  all	  
associated	  systems,	  and	  their	  impact	  on	  the	  network	  and	  market	  operation	  and	  customer	  responses	  
are	  tested.	  
Developing	  a	  Smart	  Grid	  in	  Western	  Australia	  
Many	  stakeholders	  view	  SM	  and	  AMI	  as	  a	  key	  building	  block	  in	  the	  future	  development	  of	  a	  smart	  
grid.	  SM	  provides	  the	  necessary	  ongoing	  measurement	  for	  the	  grids	  networks,	  technologies	  and	  
other	  applications	  (Itron,	  2012).	  A	  smart	  grid	  in	  Western	  Australia	  will	  be	  capable	  of	  monitoring	  and	  
controlling	  all	  grid	  activities,	  allowing	  reliable	  two-­‐way	  flow	  of	  electricity	  and	  information	  between	  
all	  stakeholders	  on	  the	  smart	  grid.	  Most	  importantly	  the	  infrastructure	  to	  develop	  a	  Smart	  Grid	  in	  
Western	  Australia	  is	  here	  today.	  
Drivers	  for	  a	  Smart	  Grid	  
Government	  Policy	  
• Climate	  change	  objectives-­‐	  Renewable	  Energy	  Targets	  (RET),	  feed-­‐in-­‐tariffs	  and	  the	  proposed	  
Emissions	  Trading	  Scheme	  (ETS)	  to	  become	  more	  energy	  efficient	  (SGA,	  nd).	  
• Competitive	  economy	  objectives	  –	  Need	  for	  a	  Australia	  to	  join	  the	  ‘Green	  Race’	  and	  follow	  
other	  countries	  like	  the	  US,	  Japan	  and	  China	  in	  which	  the	  government	  will	  introduce	  policies	  
to	  increase	  industry	  productivity	  and	  competitiveness	  (SGA,	  nd).	  
• Customer	  protection	  objectives	  –	  Governments	  and	  regulators	  will	  be	  required	  to	  provide	  
reliable	  and	  affordable	  energy	  supplies.	  
Customer	  Behaviour	  
• Increasing	  demand	  –	  an	  ever	  increasing	  population	  will	  increase	  energy	  demand	  which	  will	  
increase	  peak	  load	  the	  associated	  energy	  required	  to	  be	  generated.	  
• Increasing	  functionality	  requirements	  –	  new	  technologies	  are	  requiring	  more	  advanced	  or	  
‘smarter’	  network	  functionality	  (i.e	  small	  scale	  solar	  energy	  generation)	  
Industry	  and	  technology	  change	  drivers	  
• Existing	  technologies	  are	  becoming	  more	  affordable	  –	  As	  the	  demand	  for	  new	  technologies	  
increases,	  and	  improved	  monitoring	  and	  control	  technologies	  are	  developed	  they	  become	  
more	  economically	  viable	  
• New	  technologies	  are	  available	  –	  new	  opportunities	  and	  threats	  will	  arise	  as	  technologies	  
are	  continually	  developed.	  Higher	  functionality	  for	  new	  technologies	  will	  need	  to	  be	  
supported.	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• Ageing	  infrastructure	  needs	  replacing	  –	  now	  is	  the	  best	  time	  to	  re-­‐assess	  the	  investments	  
that	  will	  be	  made	  to	  replace/upgrade	  an	  ageing	  network	  to	  ensure	  reliability	  and	  consistent	  
customer	  service	  is	  achieved	  (SGA,	  nd).	  	  
Regulations	  
Australian	  Smart	  Grid	  Standards	  
There	  is	  no	  one	  agency	  overseeing	  smart	  grid	  development	  in	  Australia,	  “The	  Australian	  Energy	  
Market	  Commission	  (AEMC)	  serves	  as	  the	  regulator	  of	  the	  National	  Electricity	  Market	  (NEM).	  The	  
AEMC	  is	  chartered	  by	  the	  ministers	  of	  New	  Zealand	  and	  Papa	  New	  Guinea,	  to	  provide	  advice	  to	  the	  
government	  of	  Australia	  on	  changes	  to	  electricity	  regulations.	  The	  Australian	  Energy	  Regulator	  (AER)	  
and	  the	  Australian	  Energy	  Market	  Operator	  (AEMO)	  work	  in	  conjunction	  with	  AEMC	  to	  enforce	  rules	  
and	  ensure	  the	  smooth	  operation	  of	  the	  electricity	  markets.	  The	  Department	  of	  Climate	  Change	  and	  
the	  Department	  of	  Resources,	  Energy	  and	  Tourism	  set	  climate	  change	  and	  energy	  policy	  nationally.	  
All	  of	  these	  federal	  institutions	  work	  in	  concert	  to	  define	  the	  policy	  environment	  for	  Australian	  smart	  
grid	  initiative”	  (IEEE,	  2012)	  
To	  date	  there	  is	  no	  Australian	  Standards	  for	  Smart	  Grids.	  A	  number	  of	  frameworks	  and	  roadmaps	  
have	  been	  developed	  to	  guide	  the	  energy	  industry	  and	  research	  community	  towards	  smart	  grids.	  
These	  include:	  
1. National	  Framework	  for	  Energy	  Efficiency	  (NFEE)	  has	  established	  a	  national	  strategy	  for	  
energy	  efficiency	  that	  includes	  developing	  energy	  efficiency	  standards,	  educating	  public	  and	  
industry	  on	  energy	  efficiency,	  and	  minimizing	  regulatory	  barriers	  to	  support	  a	  smart	  grid	  
policy	  in	  Australia	  (IEEE,	  2012).	  
2. Smart	  Grid	  Australia	  (SGA)	  developed	  a	  Research	  and	  Development	  Roadmap	  to	  guide	  the	  
energy	  industry	  and	  the	  research	  community	  to	  support	  a	  smart	  grid	  rollout.	  
3. The	  Australian	  Department	  of	  Resources,	  Energy	  and	  Tourism	  commissioned	  Standards	  
Australia	  to	  develop	  standards	  that	  will	  be	  essential	  for	  the	  near	  term	  commercialization	  of	  
smart	  grids.	  
Energy	  Market	  Reform	  
Reform	  of	  the	  energy	  market	  began	  when	  the	  State	  and	  the	  commonwealth	  governments	  
recognised	  that	  commercial	  objectives	  on	  energy	  providers	  could	  drive	  more	  efficient	  allocation	  of	  
resources	  towards	  infrastructure	  and	  customer	  outcomes	  (ERAA,	  2012).	  In	  1996	  the	  National	  
Competition	  Policy	  (NCP)	  and	  energy	  market	  reform	  was	  developed	  from	  the	  Hilmer	  Report	  (on	  
National	  Competition	  Policy	  1993).	  The	  NCP	  now	  supports	  the	  current	  and	  future	  structure	  of	  the	  
energy	  market	  regardless	  of	  new	  technology.	  	  
The	  ERAA	  outline	  that	  smart	  grids	  don’t	  require	  any	  change	  in	  the	  market	  structure	  of	  the	  NCP	  
where	  smart	  grids	  can	  be	  used	  to	  inform	  customers	  to	  manage	  their	  energy	  use	  and	  demand,	  
without	  the	  need	  to	  alter	  the	  established	  structure	  and	  operation	  of	  the	  energy	  market.	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Benefits	  from	  AMI	  in	  Smart	  Grids	  
Consumer	  
One	  of	  the	  most	  obvious	  and	  commonly	  addressed	  benefits	  to	  customers	  is	  the	  reduction	  in	  energy	  
costs.	  This	  can	  be	  achieved	  though	  behaviour	  change,	  using	  less	  energy	  at	  off	  peak	  times	  by	  utilities	  
offering	  a	  wider	  range	  of	  tariffs	  that	  incentivise	  peak	  load	  management,	  and	  installing	  energy	  
efficient	  appliances.	  Providing	  customers	  with	  the	  infrastructure	  capability’s	  of	  renewable	  energy	  
generation,	  and	  sell	  excess	  energy	  back	  to	  the	  grid	  will	  also	  allow	  cost	  benefits	  to	  be	  made.	  
The	  reliability	  and	  resilience	  of	  the	  network	  to	  weather	  events	  through	  multiple	  electricity	  
generation	  sources	  and	  grid	  self-­‐healing	  capabilities,	  automated	  fault	  location	  for	  power	  outages	  will	  
enable	  faster	  maintenance	  and	  down	  times	  (Smart	  Grids	  Australia,	  n.d).	  	  
Utility	  	  
Smart	  Grids	  will	  allow	  utilities	  to	  deliver	  affordable	  and	  reliable	  energy,	  gas	  and	  clean	  water	  to	  an	  
increasing	  population	  that	  is	  undergoing	  rapid	  economic	  growth,	  which	  is	  raising	  the	  demand	  for	  
water,	  energy	  and	  natural	  gas.	  	  
Environment	  
Energy	  conservation	  and	  reduced	  CO2	  emissions	  are	  the	  two	  major	  environmental	  benefits.	  This	  is	  
achieved	  by	  customer	  energy	  reductions,	  reduced	  transmission	  losses	  by	  better	  managing	  electricity	  
supply	  and	  wasted	  losses	  from	  long	  haul	  electricity	  transmission	  and	  improved	  voltage	  regulation	  by	  
operating	  the	  grid	  at	  the	  lower	  end	  of	  the	  allowable	  voltage	  tolerance	  (Smart	  Grids	  Australia,	  n.d).	  
The	  development	  and	  integration	  of	  renewable	  energy	  generation,	  new	  cleaner	  fuel	  sources	  (bio-­‐
diesel),	  and	  enhanced	  peak	  load	  levelling	  and	  management.	  Plug	  in	  Hybrid	  and	  Electric	  Vehicles	  will	  
replace	  current	  combustion	  vehicles,	  and	  quickly	  charging	  these	  vehicles	  rapidly	  with	  large	  amounts	  
of	  energy	  using	  battery	  storage	  points	  on	  the	  grid,	  EV	  batteries	  can	  also	  be	  used	  for	  peak	  load	  
levelling.	  
Challenges	  implementing	  	  AMI	  and	  Smart	  Grids	  
Consumer	  Resistance	  
Consumer	  perception	  is	  a	  vital	  aspect	  to	  consider	  when	  implementing	  AMI	  and	  smart	  grids	  into	  WA.	  
There	  are	  a	  number	  of	  reasons	  for	  consumer	  resistance	  including;	  
• Consumers	  fearing	  about	  security	  and	  privacy	  of	  the	  gathered	  data	  and	  unauthorized	  parties	  
accessing	  this	  private	  data;	  
• Consumers	  fearing	  the	  additional	  costs	  that	  implementation	  of	  AMI	  would	  incur	  on	  them	  
from	  extra	  infrastructure,	  or	  new	  tariffs	  resulting	  in	  higher	  energy	  costs;	  	  
• Utilities	  would	  start	  to	  act	  as	  energy	  police	  and	  begin	  ‘hassling’	  households	  more	  frequently;	  
• Consumers	  having	  concerns	  towards	  their	  health	  from	  low	  levels	  of	  electromagnetic	  
radiation	  from	  wireless	  appliances	  throughout	  households,	  and	  the	  increase	  of	  fires	  that	  
have	  been	  reported	  as	  a	  result	  of	  in-­‐correct	  and	  unprofessional	  instalment	  of	  electricity	  
meters.	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Consumer	  backlash	  was	  seen	  in	  the	  Victorian	  Government	  mandated	  AMI	  program	  with	  the	  rollout	  
out	  of	  2.6	  million	  smart	  meters	  over	  four	  years	  to	  2013	  (ENA,	  2012).	  The	  backlash	  was	  compounded	  
by	  the	  fact	  that	  a	  new	  time-­‐of-­‐use	  structure	  was	  implemented	  and	  there	  did	  not	  appear	  to	  be	  
enough	  information	  to	  households	  about	  what	  was	  happening	  to	  ‘their’	  meter,	  and	  people	  felt	  
uncomfortable	  and	  forced	  to	  pay	  more	  money	  for	  electricity.	  Even	  though	  meters	  are	  owned	  by	  the	  
utilities,	  people	  still	  felt	  that	  it	  was	  ‘their’	  meter,	  and	  therefore	  had	  the	  right	  to	  know	  and	  decide	  
what	  would	  be	  done	  with	  it.	  	  This	  showed	  that	  a	  SM	  rollout	  without	  the	  engagement	  and	  education	  
to	  households	  would	  portray	  AMI	  in	  a	  ‘bad	  light’,	  and	  inturn	  find	  it	  harder	  for	  households	  to	  
cooperate	  and	  move	  towards	  a	  smarter	  grid.	  	  Strengthening	  consumer	  awareness,	  trust	  and	  
knowledge	  is	  essential	  to	  resolve	  consumer	  resistance,	  and	  consideration	  to	  non-­‐physical	  barriers	  is	  
just	  as	  important	  as	  addressing	  physical	  barriers.	  
Legal/Regulatory	  Barriers	  
Full-­‐scale	  deployment	  of	  AMI	  will	  begin	  through	  political	  decisions	  and	  changes.	  Successful	  
deployment	  will	  depend	  on	  regulatory	  authorities,	  governmental	  and	  legislative	  bodies.	  These	  
institutions	  will	  also	  have	  a	  significant	  role	  in	  developing	  the	  associated	  costs	  and	  assessing	  the	  
benefits	  of	  AMI	  implementation.	  Without	  the	  necessary	  backing	  from	  these	  institution	  and	  a	  clear	  
legal	  and	  regulatory	  framework,	  market	  parties	  and	  private	  investors	  will	  be	  unlikely	  to	  commit	  
themselves	  to	  the	  investments	  needed	  for	  large	  scale	  AMI	  deployment	  (Balmert	  et	  al.	  2012).	  	  
Time	  of	  use	  pricing	  
AMI	  has	  the	  technology	  to	  allow	  a	  sophisticated	  tariff	  scheme	  to	  be	  implemented	  and	  will	  result	  in	  a	  
better	  match	  between	  the	  demand	  and	  generation	  of	  electricity.	  This	  will	  reduce	  the	  amount	  of	  
peak	  capacity	  required	  and	  ‘flatten’	  the	  demand	  curve,	  and	  allow	  the	  more	  efficient	  use	  of	  the	  
available	  renewable	  energy	  resources.	  Even	  if	  total	  electricity	  use	  is	  not	  reduced,	  if	  load	  shifting	  
energy	  to	  off	  peak	  times	  can	  occur,	  energy	  consumed	  can	  be	  reduced	  through	  the	  no-­‐longer	  need	  of	  
excess	  power	  generation	  in	  peak	  periods.	  This	  will	  also	  need	  to	  be	  addressed	  in	  the	  legal	  and	  
regulatory	  framework	  so	  that	  the	  complete	  benefits	  of	  AMI	  can	  unfold.	  	  
Economic	  Barriers	  
One	  of	  the	  major	  economic	  barriers	  that	  will	  be	  faced	  is	  that	  even	  though	  the	  costs	  of	  installing	  and	  
operating	  AMI	  can	  be	  clearly	  assessed,	  there	  is	  still	  high	  uncertainty	  of	  the	  cost	  benefits	  of	  smart	  
metering.	  Many	  benefits	  of	  smart	  metering	  rely	  on	  the	  fact	  that	  the	  there	  will	  be	  cost	  benefits	  in	  the	  
amount	  of	  energy	  that	  smart	  metering	  can	  provide	  (Balmert	  et	  al.	  2012).	  Practical	  data	  and	  historical	  
data	  is	  not	  yet	  completely	  sufficient	  to	  evaluate	  the	  full	  economic	  benefits	  of	  smart	  metering	  
(Balmert	  et	  al.	  2012).	  Although	  with	  numerous	  larger	  scale	  pilots	  and	  trials	  becoming	  more	  
predominant	  throughout	  Australia,	  the	  economic	  evaluation	  of	  smart	  metering	  is	  becoming	  more	  
available.	  	  
The	  high	  capital	  cost	  in	  a	  complete	  AMI	  rollout	  and	  the	  development	  of	  a	  smart	  grid	  comes	  at	  great	  
capital	  costs.	  It	  will	  become	  important	  that	  regulators	  and	  governments	  should	  provide	  a	  clear	  
commitment	  and	  arrangements	  to	  ensure	  there	  is	  not	  a	  split	  between	  the	  cost	  bearing	  party	  and	  the	  
beneficiaries	  (Balmert	  et	  al.	  2012).	  
Technical	  Barriers	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The	  main	  technical	  barrier	  that	  exists	  is	  a	  lack	  of	  standardization.	  The	  technology	  that	  currently	  
exists	  is	  ‘smart’	  enough	  to	  begin	  the	  development	  of	  a	  smart	  grid.	  But	  the	  commercially	  available	  
AMI	  components	  lack	  interoperability;	  Hardware,	  software,	  technology	  and	  communication	  
standards	  will	  need	  to	  be	  developed	  to	  ensure	  this	  lack	  in	  interoperability	  is	  eradicated	  (Balmert	  et	  
al.	  2012).	  	  
Steps	  Towards	  a	  Smart	  Grid	  in	  Western	  Australia	  
Smart	  grids	  will	  transform	  the	  current	  electricity	  network	  so	  an	  incremental	  approach	  will	  need	  to	  be	  
taken	  to	  ensure	  a	  step-­‐by-­‐step	  continual	  learning	  process	  occurs.	  Eurelectric	  outlines	  a	  10	  step	  
approach	  to	  develop	  a	  Smart	  Grid.	  These	  general	  steps	  have	  been	  used	  and	  related	  back	  to	  Western	  
Australia	  and	  using	  examples	  and	  my	  studies	  in	  smart	  metering	  and	  AMI	  in	  Western	  Australia	  I	  have	  
outlined	  the	  relevant	  information	  in	  each	  of	  the	  steps,	  which	  needs	  to	  be	  considered	  when	  
developing	  a	  Smart	  Grid	  in	  Western	  Australia.	  These	  steps	  have	  been	  chosen	  to	  be	  appropriate	  
because	  they	  cover	  all	  aspects	  of	  AMI	  and	  things	  that	  need	  to	  be	  considered	  in	  developing	  a	  Smart	  
Grid.	  
Cooperation	  between	  all	  Stakeholders	  
Ensure	  that	  all	  stakeholders	  in	  the	  electricity	  sector	  will	  work	  towards	  cooperatively	  developing	  a	  
Smart	  Grid.	  The	  major	  agencies	  that	  will	  be	  needed	  are	  listed	  below,	  customers	  cooperation	  is	  not	  
included	  in	  this	  as	  this	  is	  represented	  in	  the	  final	  step	  towards	  a	  smart	  grid.	  	  
• Standards	  Australia	  
• Australian	  Energy	  Regulator	  
• Department	  of	  Broadband,	  Communications	  and	  the	  Digital	  Economy	  
• Australia	  Communication	  and	  Media	  Authority	  
• Ministerial	  Council	  on	  Energy	  
• Department	  of	  Resources,	  Energy	  and	  Tourism	  
• Energy	  Networks	  Association	  
• Australian	  Energy	  Market	  Operator	  
• Smart	  Grid	  Australia	  
• National	  Broadband	  Network	  
• Electricity,	  Gas	  and	  Water	  Utilities	  
Developing	  regulatory	  incentives	  
It	  is	  important	  for	  governments	  and	  regulators	  to	  provide	  incentives	  for	  investments	  in	  new	  
technologies	  and	  innovations	  to	  move	  towards	  smart	  grids.	  Distribution	  system	  operators	  have	  
traditionally	  provided	  most	  of	  the	  costs	  and	  risks	  for	  introducing	  new	  technologies	  for	  developing	  
large-­‐scale	  projects.	  An	  initial	  step	  will	  be	  to	  provide	  network	  and	  utility	  operators	  with	  the	  ability	  to	  
work	  towards	  a	  smart	  grid	  through	  incentives	  to	  increase	  efficiency,	  adopt	  market	  integration,	  
ensure	  security	  supply	  and	  provide	  a	  reasonable	  rate	  of	  return	  for	  grid	  investments.	  	  
Table	  2	  gives	  an	  indication	  of	  the	  current	  available	  grants	  in	  Western	  Australia	  that	  will	  help	  drive	  
smarter	  energy	  use	  and	  move	  towards	  a	  smarter	  grid.	  Keeping	  in	  mind	  that	  grant	  continually	  end	  
and	  new	  grants	  are	  developed	  continually.	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Table	  2	  Current	  available	  grants	  in	  Western	  Australia	  
Source	   Program	   Purpose	   Eligibility	   Amount	  
($)	  
Comments	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Standards	  will	  support	  the	  developments	  of	  smart	  grids	  throughout	  Australia	  and	  around	  the	  world.	  	  
Standards	  will	  affect	  interoperability,	  compatibility,	  efficiency	  and	  reliability.	  Technical	  standards	  will	  
provide	  best	  practice	  solutions	  for	  the	  implementation	  of	  smart	  grind	  functionalities.	  Technical	  
standards	  will	  include,	  but	  not	  be	  limited	  to:	  
Communicating	  and	  collecting	  data	  –	  integrate	  various	  communication	  technologies.	  
Communicating	  and	  data	  protocols	  –	  allow	  distribution	  system	  operators	  to	  improve	  the	  transfer	  of	  
data	  to	  service	  providers.	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Assessment	  of	  data	  risks	  –	  resolving	  data	  privacy	  and	  security	  will	  be	  critically	  important.	  
As	  discussed	  previously	  in	  Regulations,	  to	  date	  there	  is	  no	  Australian	  Standards	  for	  Smart	  Grids.	  A	  
number	  of	  frameworks	  and	  roadmaps	  have	  been	  developed	  to	  guide	  the	  energy	  industry	  and	  
research	  community	  towards	  smart	  grids.	  Development	  of	  an	  Australian	  Standards	  need	  to	  occur	  
and	  will	  help	  in	  the	  development	  of	  a	  Smart	  Grid.	  
Implement	  learning	  projects	  
There	  are	  now	  numerous	  smart	  technologies	  and	  small-­‐scale	  projects	  that	  are	  being	  used	  to	  test,	  
demonstrate	  and	  share	  knowledge.	  Larger	  scale	  projects	  will	  be	  required	  throughout	  Australia	  to	  
gain	  practical	  experience	  in	  order	  for	  vast	  deployment	  to	  occur.	  The	  two	  noticeable	  projects	  
launched	  in	  Australia	  that	  are	  testing	  key	  characteristics	  of	  the	  Australian	  smart	  grid	  movement	  is	  
the	  Smart	  Grid	  Smart	  City	  project	  (reflects	  the	  high	  level	  of	  coordination	  and	  support	  that	  will	  be	  
required	  between	  government	  and	  industry)	  and	  the	  Intelligent	  Network	  Communities	  project	  
(reflects	  the	  type	  of	  network	  modernization	  that	  will	  be	  critical	  to	  smart	  grid	  development).	  	  
These	  projects	  will	  also	  be	  used	  to	  continually	  develop	  standards,	  and	  provide	  input	  to	  regulatory,	  
market	  and	  technical	  solutions.	  
Smart	  meter	  rollouts	  (Electricity,	  Water	  and	  Gas)	  
The	  rollout	  of	  electricity	  smart	  meters	  will	  be	  required	  for	  many	  smart	  grid	  functionalities	  to	  
transpire.	  Smart	  meters	  are	  the	  smart	  grids	  nervous	  system,	  flowing	  the	  necessary	  information	  and	  
commands	  across	  the	  grid.	  AMI	  including	  in-­‐home	  displays,	  smart	  appliances	  and	  home	  area	  
network	  communication	  infrastructure	  will	  also	  provide	  the	  initial	  building	  blocks	  for	  smart	  grid	  
development.	  At	  this	  stage	  not	  only	  will	  electricity	  meter	  rollouts	  occur	  but	  smart	  water	  and	  gas	  
meters	  can	  also	  be	  rolled	  out.	  It	  will	  be	  important	  to	  consider	  the	  water-­‐energy	  nexus	  especially	  
when	  in	  comes	  to	  efficiency.	  The	  nexus	  is	  the	  relationship	  between	  the	  water	  that	  is	  used	  to	  
generate	  electricity	  and	  transmit	  energy,	  and	  the	  energy	  it	  takes	  to	  collect,	  treat,	  store	  and	  transport	  
water.	  Water	  and	  gas	  systems	  will	  be	  integrated	  into	  the	  electricity	  AMI	  to	  provide	  further	  
improvements	  in	  efficiency	  and	  reductions	  resource	  use.	  Its	  important	  that	  customers	  are	  well	  
informed	  and	  effectively	  educated	  when	  involved	  in	  rollouts	  to	  not	  create	  a	  backlash	  against	  smart	  
meters	  as	  was	  seen	  in	  the	  Victoria	  smart	  meter	  trial.	  	  
Numerous	  large-­‐scale	  smart	  meter	  rollouts	  have	  yet	  to	  begin	  in	  Western	  Australia	  where	  
predominantly	  smaller	  scale	  learning	  projects	  are	  the	  only	  smart	  grid	  infrastructure	  developed.	  The	  
largest	  rollout	  has	  been	  through	  Western	  Power’s	  Smart	  Grid	  Foundation	  program	  in	  which	  8,676	  
SM	  have	  been	  rolled	  out	  in	  the	  Eastern	  region	  of	  Perth.	  Although	  there	  has	  been	  a	  major	  push	  to	  
embrace	  a	  national	  rollout	  of	  smart	  meters	  by	  the	  Prime	  Minister,	  Julia	  Gillard	  on	  November	  2012.	  
The	  Productivity	  Commission	  report	  estimates	  that	  power	  bill	  savings	  could	  slashed	  up	  to	  $250/year	  
partly	  through	  SM	  which	  will	  enable	  utility’s	  to	  charge	  much	  more	  at	  times	  of	  peak	  demand	  (The	  
West,	  2012)	  
New	  communication	  systems	  
Network	  operators	  will	  need	  to	  begin	  investing	  in	  making	  their	  grids	  smarter.	  This	  will	  allow	  new	  
innovative	  and	  ‘smarter’	  technologies	  and	  energy	  generation	  sources	  be	  connected	  to	  the	  grid.	  
Although	  it	  is	  likely	  that	  conventional	  grid	  development	  will	  still	  occur,	  these	  new	  communication	  
systems	  combined	  with	  AMI	  will	  provide	  distribution	  system	  operators	  with	  real-­‐time	  data	  and	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information	  about	  generation	  on	  the	  grid.	  Automation	  of	  the	  grid	  will	  ensure	  efficient	  and	  reliable	  
supply,	  reduce	  the	  negative	  effects	  for	  grid	  users,	  and	  enable	  the	  grid	  to	  become	  ‘self-­‐	  healing.’	  	  
Supervisory	  Control	  and	  Data	  Acquisition	  Systems	  (SCADA)	  will	  allow	  distribution	  system	  operators	  
to	  monitor,	  control,	  and	  alarm	  and	  override	  emergency	  situations	  and	  faults	  in	  the	  grid.	  High	  speed	  
data	  and	  information	  communication	  infrastructure	  that	  will	  need	  to	  be	  developed	  in	  Western	  
Australia	  could	  include:	  Fiber	  optic	  cables,	  Internet	  Protocol	  (IP)	  technology,	  GPRS	  technology,	  
PLC/BPL	  technology	  and	  RF.	  
Australia	  has	  launched	  a	  National	  Broadband	  Network	  (NBN)	  in	  2009.	  This	  is	  a	  public-­‐private	  
partnership	  aimed	  at	  bringing	  fiber	  optic	  connections	  to	  90%	  of	  Australian	  homes	  and	  business	  and	  
next	  generation	  wireless	  to	  the	  rest	  of	  the	  country	  over	  8	  years	  (IEEE,	  2012).	  This	  improvement	  to	  
the	  communication	  network	  will	  be	  a	  key	  enabler	  to	  smart	  grid	  data	  communications.	  	  
Manage	  distribution	  system	  
Managing	  distribution	  systems	  will	  involve	  three	  key	  factors	  represented	  below.	  AMI	  will	  be	  used	  to	  
control	  and	  manage	  many	  of	  these	  systems	  presented	  below.	  
Distribution	  Generation	  
When	  more	  capacities	  are	  connected	  to	  the	  grid	  (electric	  vehicles,	  heating	  and	  cooling	  technologies	  
etc)	  there	  will	  be	  a	  need	  to	  accommodate	  large	  amounts	  of	  new	  loads.	  The	  need	  to	  generate	  
electricity	  from	  new	  sources	  will	  be	  required,	  this	  will	  involve	  connecting	  generation	  of	  electricity	  
from	  de-­‐centralized,	  distributed,	  on-­‐site	  and	  embedded	  systems	  including	  wind,	  wave,	  solar,	  
geothermal	  (heating	  and	  power),	  back-­‐up	  diesel	  etc.	  	  
	  
With	  the	  expansion	  of	  large	  amounts	  of	  renewable	  energy	  to	  the	  grid,	  it	  will	  also	  bring	  higher	  levels	  
of	  intermittent	  generation	  onto	  the	  grid,	  and	  place	  increasing	  pressure	  on	  system	  management	  to	  
balance	  supply	  and	  demand	  (Western	  Power,	  2012).	  This	  will	  require	  more	  demand-­‐side	  response,	  
more	  ancillary	  services	  and	  more	  grid-­‐connected	  energy	  storage	  to	  balance	  the	  system,	  which	  can	  all	  
possibly	  be	  provided	  through	  EV	  (Western	  Power,	  2012).	  	  
	  
Distributed	  Storage	  	  
With	  the	  increased	  generation	  of	  electricity,	  temporary	  storage	  sites	  will	  need	  to	  be	  developed	  to	  
store	  this	  excess	  energy.	  These	  sites	  will	  then	  become	  an	  energy	  provider	  during	  times	  of	  peak	  
demand	  and	  high	  energy	  and	  electricity	  use.	  Types	  of	  temporary	  storage	  site	  technologies	  include,	  
grid	  connected	  battery	  storage	  to	  absorb	  power	  when	  in	  excess,	  heat/ice	  thermal	  storage,	  and	  
electric	  vehicles	  can	  also	  be	  used	  as	  a	  source	  of	  storage.	  	  
	  
Distributed	  Automation	  
Automating	  the	  distribution	  system	  will	  ensure	  a	  stable	  grid	  where	  sensors	  and	  detectors	  will	  allow	  
fast	  fault	  isolation	  and	  power	  restoration.	  Voltage	  management	  and	  peak	  load	  management	  will	  be	  
crucial.	  Maintaining	  optimum	  voltage	  profiles	  will	  enable	  energy	  conservation	  and	  shifting	  loads	  will	  
also	  help	  to	  manage	  peak	  load.	  	  
Aggregate	  distributed	  energy	  sources	  
Small-­‐scale	  generation	  units	  have	  often	  been	  unrecognized	  for	  their	  ability	  to	  generate	  significant	  
amounts	  of	  power,	  although	  with	  vast	  numbers	  of	  small-­‐scale	  generation	  units	  their	  importance	  to	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the	  grid	  will	  be	  significant.	  Opposed	  to	  large	  centralized	  power	  plants,	  aggregating	  small-­‐scale	  
generation	  units	  into	  virtual	  ‘muti-­‐fuel’	  and	  ‘multi-­‐owned’	  power	  plants	  can	  be	  used	  to	  balance	  
power,	  power-­‐frequency	  control	  and	  become	  additional	  providers.	  	  
Load	  management	  
A	  large	  part	  of	  future	  load	  management	  will	  be	  that	  of	  Electric	  Vehicles	  (EV)	  which	  have	  arrived	  on	  
the	  Australian	  market	  with	  a	  significant	  uptake	  expected	  by	  2030	  if	  not	  sooner	  (Western	  Power,	  
2012).	  Western	  Power	  outlines	  that	  EV	  will	  contribute	  to	  Australia	  by:	  
• Expanding	  and	  diversifying	  the	  States	  transport	  fuel	  mix	  into	  abundant,	  indigenous,	  non-­‐
petroleum	  energy	  sources	  such	  as	  wind,	  solar,	  gas	  and	  coal.	  
• Be	  part	  of	  a	  smarter	  network	  designed	  to	  mange	  peak	  loads	  and	  provide	  more	  grid	  ancillary	  
services	  aimed	  at	  improving	  the	  stability	  and	  reliability	  of	  the	  energy	  network.	  
• Offers	  a	  significantly	  lower	  cost	  of	  operation	  than	  petroleum	  transport.	  EV	  charging	  patterns	  
can	  be	  shaped	  to	  help	  flatten	  the	  network	  demand	  curve	  and	  improve	  the	  utilization	  of	  
existing	  network	  assets	  and	  defer	  capacity	  expansion,	  and	  increasing	  the	  overall	  economic	  
and	  energy	  efficiency	  of	  the	  network.	  Which	  will	  lower	  costs	  for	  consumers.	  
• Can	  eliminate	  motor	  pollution	  and	  reduce	  net	  transport	  carbon	  emissions.	  	  
• Recharging	  can	  increase	  the	  overnight	  load	  to	  better	  utilize	  available	  wind	  resources	  and	  
decrease	  the	  use	  of	  high	  emitting	  fast-­‐response	  generators	  for	  peak	  demand	  or	  contingent	  
services.	  
• EV	  batteries	  will	  provide	  Vehicle	  to	  Grid	  (V2G)	  services	  to	  export	  electricity	  from	  vehicles	  back	  
to	  the	  grid	  during	  peak	  periods	  of	  demand	  (offsetting	  the	  need	  for	  further	  generation)	  and	  
ancillary	  services	  (i.e.	  frequency	  control).	  
• EV	  batteries	  allow	  the	  ability	  to	  store	  excess	  renewable	  energy	  for	  use	  when	  needed.	  
	  
With	  increased	  numbers	  of	  electric	  vehicles	  they	  will	  require	  large	  amounts	  of	  energy	  in	  very	  short	  
periods	  and	  managing	  of	  peak	  demand	  with	  current	  demands	  will	  be	  crucial.	  AMI	  will	  play	  a	  
significant	  role	  to	  controlling	  load	  management	  and	  ensuring	  that	  power	  is	  available	  at	  all	  times	  for	  
all	  applications	  and	  ensuring	  there	  is	  no	  overload	  to	  the	  system.	  Networks	  users	  will	  need	  to	  
contribute	  to	  voltage	  regulation,	  users	  may	  be	  required	  to	  temporarily	  be	  disconnected	  or	  in	  
emergencies	  operate	  partial	  networks	  in	  islanding	  modes.	  Overall	  distribution	  system	  operators,	  
networks	  users	  and	  all	  stakeholders	  connected	  to	  the	  grid	  will	  be	  required	  to	  support	  the	  balancing	  
of	  load	  and	  generation	  on	  the	  grid.	  	  
Active	  demand	  response	  from	  customers	  
Smart	  grids	  will	  only	  ever	  be	  complete	  and	  successful	  when	  there	  is	  real	  active	  demand	  response	  
from	  customers.	  Once	  customers	  have	  all	  the	  steps	  above	  at	  their	  disposal	  they	  will	  be	  the	  ones	  
responsible	  for	  actively	  ensuring	  the	  success	  of	  the	  smart	  grid.	  Time-­‐off-­‐use	  billing	  can	  save	  
households	  money,	  but	  behavioural	  change	  within	  the	  household	  will	  also	  be	  required.	  People	  will	  
need	  to	  change	  their	  behaviour	  and	  this	  may	  not	  occur	  with	  only	  presenting	  them	  with	  information	  
and	  data.	  It’s	  important	  to	  consider	  if	  the	  households	  will	  even	  engage	  with	  their	  IHD	  or	  online	  
portal?,	  Will	  all	  households	  understand	  the	  data?,	  What	  will	  they	  do	  with	  the	  data?,	  How	  can	  they	  
understand,	  without	  guidance,	  what	  the	  data	  relates	  too?.	  Therefore	  behaviour	  change	  programs,	  
education	  and	  coaching	  may	  all	  be	  needed	  to	  successfully	  implement	  AMI	  and	  a	  smart	  grid.	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Consumers	  will	  need	  to	  be	  educated	  on	  peak	  demand	  management	  and	  will	  also	  need	  to	  be	  held	  
responsible	  for	  helping	  to	  control	  energy	  management	  alongside	  with	  utilities.	  Consumers	  will	  also	  
need	  to	  become	  involved	  in	  the	  grid	  market	  selling	  back	  their	  electricity	  into	  the	  grid.	  
Once	  these	  approaches	  have	  been	  considered,	  developed	  and	  implemented,	  the	  power	  systems	  of	  
today	  will	  become	  the	  smart	  system	  of	  tomorrow.	  	  
Conclusions	  
The	  appropriate	  areas	  of	  applications	  of	  AMI	  have	  been	  investigated.	  Findings	  show	  that	  AMI	  can	  
successfully	  be	  used	  for	  demand	  management,	  improve	  efficiency	  and	  reduce	  energy,	  gas	  and	  water	  
usage.	  This	  can	  be	  achieved	  using	  a	  number	  of	  different	  aspects	  of	  AMI	  including	  BCP,	  providing	  real	  
time	  feedback	  of	  usage	  to	  individuals,	  appropriate	  tariff	  structures,	  identifying	  usage	  
patterns/trends	  and	  overall	  showing	  individuals	  a	  resource	  that	  has	  conventionally	  been	  invincible	  
and	  making	  it	  visible.	  	  
The	  applications	  of	  AMI	  also	  extend	  to	  providing	  the	  critical	  platform	  for	  developing	  a	  Smart	  Grid	  in	  
Western	  Australia.	  This	  can	  be	  achieved	  through	  the	  following;	  
• Real-­‐time	  bi-­‐directional	  system	  optimisation	  to	  minimise	  the	  electricity	  needed	  to	  power	  the	  
grid,	  reducing	  the	  cost	  and	  environmental	  impacts,	  
• The	  ability	  to	  manage	  renewable	  energy	  generation	  and	  plug	  in	  hybrid	  and	  electric	  vehicles	  
on	  the	  grid	  to	  replace	  conventional	  coal	  fired	  power	  plants.	  
• Monitoring	  to	  accurately	  identify	  potential	  failures	  prior	  to	  an	  outage	  and	  automated	  fault	  
analysis	  to	  accurately	  identify	  where	  an	  outage	  has	  occurred.	  	  
• Data	  collection,	  transport	  and	  communication	  of	  this	  data	  between	  all	  components	  of	  the	  
smart	  grid.	  	  
The	  steps	  that	  will	  be	  required	  to	  develop	  a	  Smart	  grid	  include:	  
• Cooperation	  between	  all	  stakeholders	  in	  the	  electricity	  sector.	  
• Governments	  and	  regulators	  to	  develop	  and	  provide	  incentives	  for	  new	  and	  innovative	  
technologies.	  
• Develop	  Australian	  Smart	  Grid	  standards,	  which	  will	  provide	  best	  practice	  solutions.	  	  
• Implement	  learning	  projects	  and	  large-­‐scale	  smart	  meter	  rollouts.	  
• Continue	  to	  develop	  smarter,	  more	  reliable	  and	  efficient	  communication	  systems	  to	  enable	  
smarter	  technologies	  and	  new	  energy	  generation	  sources	  to	  be	  connected	  to	  the	  grid.	  	  
• Develop	  ways	  to	  manage	  the	  distribution	  generation;	  storage	  and	  automation	  systems	  
through	  technologies	  such	  as	  electric	  vehicles	  and	  aggregating	  distributed	  energy	  sources.	  	  
• Most	  importantly	  ensure	  there	  are	  methods	  in	  place	  so	  that	  there	  is	  real	  active	  demand	  
response	  from	  customers.	  
The	  problems	  that	  will	  be	  faced	  in	  developing	  a	  Smart	  Grid	  will	  include	  consumer	  resistance	  to	  avoid	  
a	  Smart	  Grid	  backlash,	  and	  ensuring	  the	  consumers	  perception	  on	  Smart	  Grids	  are	  based	  on	  accurate	  
and	  educated	  information	  provided	  to	  the	  consumer	  from	  the	  Smart	  Grid	  developer/s.	  Ensuring	  all	  
regulatory	  authorities,	  government	  and	  legislative	  bodies	  support	  development	  and	  that	  no	  legal	  
and	  regulatory	  barriers	  exist.	  In	  which	  they	  will	  also	  aid	  in	  ensuring	  that	  Smart	  Grids	  and	  their	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associated	  smart	  technologies	  are	  economically	  viable.	  Smart	  technologies,	  software’s,	  hardware’s	  
and	  communication	  standards	  will	  need	  to	  be	  developed	  to	  ensure	  there	  is	  standardisation	  and	  no	  
technical	  barriers.	  
A	  smart	  grid	  solution	  will	  allow	  Western	  Australia	  to	  reduce	  its	  carbon	  impacts,	  improve	  the	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Appendix	  A	  –	  Future	  Work	  
OTHER	  RELEVANT	  WORK	  CARRIED	  OUT	  AT	  ENV	  THAT	  WAS	  NOT	  YET	  COMPLETED	  
CBH	  Group	  smart	  metering	  development	  
Part	  of	  the	  study	  carried	  out	  at	  ENV	  Australia	  was	  to	  advise	  CBH	  of	  its	  responsibilities	  under	  the	  
National	  Greenhouse	  and	  Energy	  Reporting	  (NGER)	  Scheme	  and	  carry	  out	  a	  level	  1	  energy	  audit	  for	  
the	  200	  sites	  which	  is	  ongoing	  at	  this	  stage	  of	  writing	  the	  report.	  	  
Under	  the	  NGER	  Act	  2007	  a	  controlling	  corporation’s	  group	  meets	  a	  threshold	  for	  a	  financial	  year	  if	  
in	  that	  year	  the	  facilities	  together	  emit	  50,000t	  or	  more	  of	  CO2-­‐e	  or	  consume	  or	  produce	  200,000GJ	  
or	  more	  of	  energy.	  A	  facility	  threshold	  is	  met	  for	  a	  financial	  year	  if	  in	  that	  year	  a	  facility	  emits	  25,000t	  
or	  more	  of	  CO2-­‐e	  or	  consumes	  or	  produces	  100,000GJ	  or	  more	  of	  energy.	  With	  a	  current	  projection	  
of	  electricity	  use	  for	  the	  2011/2012	  FY	  of	  likely	  to	  exceed	  the	  threshold,	  one	  way	  to	  eliminate	  and	  
reduce	  energy	  use	  across	  all	  the	  sites	  is	  to	  introduce	  smart	  metering	  and	  set	  up	  a	  monitoring	  and	  
supply	  control	  system.	  With	  PV	  to	  partially	  meet	  the	  demand	  of	  energy	  use.	  
PV	  is	  highly	  attractive	  in	  the	  commercial	  sector.	  Commercial	  facilities	  will	  generally	  operate	  during	  
daylight	  hours	  in	  which	  most	  of	  their	  electricity	  demand	  comes	  during	  this	  period	  of	  time.	  The	  
maximum	  output	  of	  PV	  generating	  electricity	  also	  occurs	  at	  this	  time	  period.	  It	  is	  this	  correlation	  
between	  sunlight	  hours	  and	  operational	  hours	  that	  makes	  PV	  a	  viable	  energy	  source	  for	  commercial	  
facilities.	  	  
	  
It	  becomes	  even	  more	  viable	  when	  government	  incentives	  around	  the	  carbon	  tax	  are	  incorporated	  
into	  the	  PV	  system.	  There	  is	  also	  the	  chance	  to	  communicate	  with	  the	  utility	  to	  reduce	  tariff	  cost	  
with	  the	  increase	  in	  uptake	  of	  PV	  from	  a	  commercial	  facility.	  The	  large	  costs	  associated	  with	  the	  
transmission	  and	  distribution	  of	  electricity	  (especially	  to	  remote	  facilities)	  is	  expensive	  at	  a	  utilities	  
perspective.	  	  If	  the	  facility	  is	  able	  to	  reduce	  this	  cost	  by	  supplying	  most	  of	  its	  daylight	  operational	  
energy	  demands,	  a	  lower	  energy	  tariff	  could	  be	  negotiated,	  in	  which	  the	  energy	  required	  for	  the	  
facility,	  from	  the	  utility	  is	  minimal.	  	  
For	  a	  commercial	  facility	  to	  be	  completely	  run	  by	  PV	  the	  system	  needs	  to	  be	  reliable.	  For	  this	  to	  
occur	  a	  battery	  storage	  system	  will	  need	  to	  be	  developed	  and	  a	  reliable	  back-­‐up	  system	  which	  will	  
be	  conventional	  diesel	  generators.	  To	  date	  these	  types	  of	  systems	  for	  commercial	  facilities	  become	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unviable	  due	  to	  the	  high	  associated	  capital	  costs.	  These	  systems	  will	  become	  viable	  when	  the	  price	  
of	  these	  technologies	  i.e	  batteries	  is	  reduced.	  This	  will	  occur	  as	  the	  demand	  for	  Electric	  Vehicles	  (EV)	  
increases.	  Like	  anything	  in	  today’s	  market,	  if	  there	  is	  a	  high	  demand	  through	  volume	  of	  a	  product,	  it	  
will	  continually	  be	  able	  to	  be	  developed	  more	  cheaply.	  	  
Benefits	  that	  smart	  metering	  will	  provide	  to	  these	  facilities	  will	  include:	  
• Cost	  savings	  through	  tariff	  structure	  
• Automated	  shutdown	  of	  remote	  facilities	  not	  in	  use	  due	  to	  the	  nature	  of	  the	  corporation’s	  
seasonal	  operational	  hours.	  
• More	  efficient	  running	  of	  facilities	  through	  comparing	  energy	  uses	  of	  similar	  facilities	  and	  
capabilities	  and	  easy	  detection	  of	  in-­‐efficient	  facilities.	  	  
• A	  better	  understanding	  of	  a	  facilities	  energy	  requirements	  and	  patterns	  to	  better	  develop	  
future	  facilities.	  
Further	  work	  will	  be	  to	  complete	  the	  energy	  audit	  and	  identify	  areas	  and	  the	  viability	  of	  AMI	  
applications	  throughout	  the	  CBH	  group	  and	  the	  associated	  benefits.	  With	  the	  possibility	  to	  
implement	  AMI	  and	  PV	  modules	  to	  some/all	  of	  the	  facilities	  associated	  with	  CBH.	  	  
Murdoch	  University	  –	  Campus	  Water	  Efficiency	  and	  reuse	  Feasibility	  Study.	  
This	  was	  one	  of	  the	  final	  projects	  that	  I	  worked	  on	  at	  ENV	  Australia,	  which	  investigated	  the	  
application	  of	  water	  smart	  metering	  at	  the	  South	  Street	  Campus	  and	  Murdoch	  University,	  Perth,	  
Western	  Australia.	  It	  was	  part	  of	  a	  water	  efficiency	  and	  reuse	  feasibility	  study	  in	  which	  smart	  
metering	  was	  only	  one	  component	  that	  was	  looked	  into.	  This	  demonstrates	  that	  there	  is	  application	  
of	  smart	  metering	  that	  extends	  into	  the	  education	  and	  tertiary	  institution	  sector.	  I	  began	  the	  
investigation	  by	  first	  looking	  into	  what	  other	  Universities	  are	  doing	  in	  regards	  to	  SM.	  
Smart	  metering	  in	  other	  institutions.	  
Universities	  have	  primarily	  had	  an	  energy	  focus	  and	  often	  occur	  in	  student	  dormitory/housing	  
buildings,	  run	  as	  behaviour	  change	  programs	  through	  the	  use	  of	  online	  competitions	  through	  real-­‐
time	  feedback	  (see	  Brandeis	  University).	  With	  Universities	  moving	  towards	  a	  focus	  on	  all	  aspects	  of	  
sustainability,	  being	  able	  to	  measure	  where	  water	  is	  being	  used	  is	  the	  fundamental	  foundation	  of	  all	  
water	  efficiency	  programs.	  This	  is	  achieved	  through	  the	  installation	  of	  smart	  metering.	  Water	  meter	  
initiatives	  and	  practices	  that	  are	  used	  in	  some	  other	  universities	  can	  be	  seen	  below;	  
• University	  of	  Western	  Australia	  held	  a	  Sustainable	  Development	  Water	  Planning	  	  Workshop	  
on	  the	  18/8/2012,	  one	  of	  their	  aims	  is	  “Using	  and	  creating	  leading	  edge	  technology	  to	  find	  
solution	  to	  effective	  water	  management”	  in	  which	  one	  of	  their	  goals	  was	  to	  fit	  water	  meters	  
to	  all	  buildings	  (University	  of	  Western	  Australia,	  2012).	  
• Curtin	  University	  had	  2010/2011	  actions	  to	  investigate	  end-­‐users	  by	  sub-­‐metering	  high	  use	  
buildings	  and	  a	  remote	  sub-­‐meter	  reading	  and	  reporting	  system	  (Curtin	  University,	  2010).	  
• RMIT	  University	  is	  one	  of	  the	  lowest	  water	  users	  in	  the	  tertiary	  sector	  and	  have	  
implemented	  remote	  water	  meter	  data	  collection	  (Water	  Services	  Association	  of	  Australia,	  
2009).	  
• One	  of	  the	  measures	  Stanford	  University	  uses	  to	  stay	  below	  the	  San	  Francisco	  Public	  Utilities	  
Commission	  allocation	  was	  to	  develop	  the	  Water	  Conservation,	  Reuse	  and	  Recycling	  Master	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Plan	  in	  2001.	  More	  than	  1,500	  water	  meters	  are	  maintained	  and	  read	  monthly,	  the	  data	  
analysed	  and	  water	  use	  data	  trends	  are	  evaluated	  (Stanford	  University,	  2012).	  
• QUT	  is	  one	  of	  South-­‐East	  Queensland’s	  “Top	  20”	  water	  consumers.	  	  One	  of	  their	  many	  
initiatives	  was	  to	  purchase	  and	  install	  “wireless”	  water	  flow	  meters	  to	  accurately	  capture	  
consumption	  data	  for	  business	  modelling	  purpose,	  and	  to	  map	  consumption	  profiles	  (QUT,	  
2006).	  
Smart	  Metering	  at	  Murdoch	  
In	  late	  2011	  Murdoch	  planned	  a	  Green	  Sense	  smart	  metering	  system	  in	  the	  library,	  physical	  science	  
and	  social	  science	  buildings.	  The	  trial	  was	  developed	  to	  monitor	  electricity,	  water	  and	  gas	  in	  which	  
nominated	  users	  would	  be	  able	  to	  access	  their	  building’s	  results	  on	  a	  dedicated	  website.	  The	  website	  
has	  been	  developed	  and	  data	  for	  the	  following	  smart	  meters	  in	  Table	  3	  is	  available.	  
Table	  3:	  Greensense	  smart	  water	  meters	  locations	  and	  their	  status.	  
Meter	  Location	   Status	   Meter	  location	   Status	  
Café	  Kadjininy	   Inactive	   Vet	  Sciences	  Equine	   Active	  
Cancellery	   Active	   Vet	  Clinical	  Sciences	   Active	  
Physical	  Sciences	  North	   Active	   Vet	  Surgical	  Wing	   Active	  
Physical	  Science	  South	   Active	   MIT	  Building	   Active	  
Physical	  Sciences	   Active	   Environmental	  Sciences	   Active	  
Education	  and	  Humanities	  East	   Active	   Main	  Water	  Meter	  1	   Inactive	  
Education	  and	  Humanities	  West	   Active	   Main	  Water	  Meter	  2	   Inactive	  
Education	  and	  Humanities	   Active	   	   	  
	  
The	  aim	  of	  this	  system	  is	  to	  encourage	  building	  users	  to	  reduce	  energy	  and	  water	  use	  through	  
feedback	  and	  competition.	  The	  project	  is	  currently	  still	  in	  a	  development	  stage	  in	  which	  data	  is	  still	  
being	  collected	  (no	  one	  is	  using	  the	  website	  as	  feedback	  either).	  	  At	  this	  stage	  neither	  Greensense	  
nor	  any	  other	  organisation	  have	  been	  engaged	  by	  Murdoch	  to	  analyse	  the	  data.	  
When	  and	  if	  reviewed,	  findings	  show	  that	  smart	  metering	  can	  provide	  benefits	  and	  is	  worth	  its	  value	  
in	  money,	  Murdoch	  proposes	  there	  will	  be	  the	  possibility	  to	  develop	  a	  green	  team	  in	  which	  one	  
member	  in	  each	  building	  will	  be	  responsible	  to	  view	  reports,	  with	  the	  possibility	  to	  have	  display	  units	  
in	  the	  building	  to	  view	  current	  electricity	  and	  water	  use	  to	  encourage	  all	  building	  users	  to	  reduce	  
water	  use.	  	  If	  this	  trial	  is	  a	  success,	  the	  system	  will	  be	  rolled	  out	  to	  other	  buildings	  in	  subsequent	  
years.	  
As	  can	  be	  seen	  in	  Table	  4	  below	  the	  smart	  meters	  that	  are	  currently	  providing	  data	  to	  the	  
Greensense	  online	  database	  have	  been	  briefly	  investigated.	  A	  random	  sample	  of	  water	  use	  
throughout	  Semester	  2,	  2012	  was	  chosen.	  This	  included	  the	  week	  5	  study	  break,	  and	  the	  week	  7	  
teaching	  week.	  Heat	  maps	  that	  showed	  hourly	  water	  consumption	  for	  that	  week	  were	  investigated	  
to	  find	  any	  anomalies	  or	  patterns	  in	  water	  use.	  These	  can	  be	  seen	  in	  the	  ‘Notes’	  column	  for	  each	  
meter.	  If	  an	  irregular	  pattern	  or	  anomalies	  was	  seen,	  it	  was	  further	  investigated	  in	  future	  and	  
previous	  weeks	  heat	  maps	  and	  noted	  if	  this	  continued.	  	  As	  can	  be	  seen	  in	  the	  ‘Investigation’	  column,	  
there	  are	  a	  number	  of	  water	  use	  anomalies	  that	  will	  need	  to	  be	  re-­‐solved	  or	  quantified.	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Table	  4:	  Investigation	  of	  current	  Greensense	  Smart	  Meters	  
Meter	   Wk	  5	  –	  Study	  Break	  
(27/8/2012	  –	  3/9/2012)	  
Wk	  7	  –	  Teaching	  Week	  
(10/9/2012	  –	  12/9/2012)	  
Notes	   Investigation	  
Chancellery	   Higher	  use	  weekday	  working	  
hours.	  	  
Zero	  all	  other	  times	  
	  
Higher	  use	  weekday	  
working	  hours.	  	  
Extremely	  high	  Thur	  -­‐	  Sun	  
at	  2am.	  
Zero	  all	  other	  times	  
	  
Investigate	  peak	  use	  
Thur-­‐Sun	  (approx.	  1,500	  
L/hour)	  
Trend	  continues	  in	  
future	  weeks.	  Possibly	  




Zero	  -­‐	  Low	  use	  throughout	  
most	  times	  of	  the	  day.	  	  
Medium	  use	  Thur-­‐Sat	  
morning	  and	  Thursday	  
night.	  
Otherwise	  zero	  -­‐low	  use	  
Possibly	  investigate	  peak	  
use	  (approx.	  200-­‐300	  
L/hour)	  
Trend	  of	  Medium	  water	  
use	  at	  3am-­‐4am.	  Occurs	  
at	  future	  weeks	  on	  Tue,	  




Medium	  to	  high	  use	  
weekday	  working	  hours.	  
Zero-­‐low	  water	  use	  all	  other	  
times	  
Higher	  use	  weekday	  
working	  hours.	  
High	  peak	  early	  Thurs	  
morning.	  
Medium	  use	  all	  other	  
times.	  
	  
Investigate	  peak	  use	  
Thurs	  morning	  (2am-­‐
5am,	  up	  to	  
6,200L/hour).	  
Water	  use	  all	  hours,	  
possible	  leak,	  100L/hour	  
High	  peak	  use	  continues	  
till	  1	  Oct.	  Occurs	  Tue-­‐
Thur	  2am-­‐4am	  
~5,000L/hr.	  
Additional	  peaks	  after	  
this	  date	  on	  Mon	  and	  




Medium	  to	  high	  water	  use	  
weekday	  working	  hours.	  
Low	  use	  all	  other	  times	  
Higher	  use	  weekday	  
working	  hours.	  
High	  peak	  early	  Thurs	  
morning.	  
Medium	  use	  all	  other	  
times.	  
	  
Investigate	  peak	  use	  
Thurs	  morning	  (2am-­‐
5am,	  up	  to	  
6,200L/hour).	  
Water	  use	  all	  hours,	  
possible	  leak,	  100L/hour	  
High	  peak	  use	  continues	  
till	  1	  Oct.	  Occurs	  Tue-­‐
Thur	  2am-­‐4am	  
~5,000L/hr.	  
Additional	  peaks	  after	  
this	  date	  on	  Mon	  and	  




Medium	  water	  use	  peaks	  
scattered	  throughout	  Fri-­‐
Sun.	  
Zero	  use	  most	  of	  the	  time	  
Medium	  use	  on	  Thursday	  
3pm	  and	  4pm.	  
Zero	  use	  most	  of	  the	  time.	  
Water	  use	  within	  normal	  
parameters.	  No	  further	  
investigation	  required	  
	  
MIT	   Inconclusive	  data	   Inconclusive	  data	   Check	  meter	  to	  
determine	  if	  working	  




Low-­‐Medium	  use	  weekday	  
working	  hours.	  Medium	  
peaks	  throughout	  the	  day	  on	  
weekends.	  
Medium	  use	  weekday	  
working	  hours.	  	  
Zero	  –	  low	  use	  other	  times	  
Water	  use	  within	  normal	  





High	  water	  use	  weekday	  
working	  hours.	  
Medium	  water	  use	  all	  other	  
times.	  
High	  use	  weekday	  working	  
hours.	  




Still	  has	  zero	  use	  at	  
some	  hours.	  
Pattern	  continues.	  2-­‐3	  
hour	  spots	  in	  a	  week	  
with	  zero	  water	  use	  
though.	  
Physical	  Sciences	   Higher	  water	  use	  weekday	  
working	  hours.	  
Medium	  use	  all	  other	  times.	  
High	  water	  use	  all	  week,	  
higher	  use	  weekday	  
working	  hours.	  




Still	  has	  zero	  use	  at	  
some	  hours.	  
Pattern	  continues.	  Some	  
hour	  points	  with	  zero	  –	  
10/20	  L/hr	  though	  
Vet	  Clinical	  
Sciences	  
Medium	  –	  High	  use	  weekday	  
working	  hours.	  
Zero	  –	  Medium	  all	  other	  
times.	  
Medium	  –	  High	  use	  
weekday	  working	  hours.	  





No	  consistent	  pattern,	  it	  




Medium	  –	  High	  use	  weekday	  
working	  hours.	  	  
Zero-­‐low	  all	  other	  times	  
Medium	  –	  High	  use	  
weekday	  working	  hours.	  	  
High	  peak	  midday	  Sat.	  
Zero-­‐low	  all	  other	  times	  
Water	  use	  within	  normal	  
parameters.	  No	  further	  
investigation	  required	  
-­‐	  
Vet	  Surgical	   Medium	  –	  High	  use	  weekday	  
workings	  hours	  and	  Sunday	  
(6am-­‐11am).	  
Zero-­‐low	  use	  all	  other	  times.	  
Medium	  –	  High	  use	  
weekday	  workings	  hours.	  
Zero-­‐low	  use	  all	  other	  
times.	  
Investigate	  Sunday	  peak	   No	  consistent	  pattern	  
*Water	  use	  based	  on	  Zero	  =	  0	  L/hr,	  Medium	  =	  100-­‐500L/hour,	  High	  =	  500+L/hr	  
There	  are	  also	  three	  main	  Water	  Corporation	  water	  meters	  that	  service	  the	  university.	  The	  Water	  
Corporation	  has	  funded	  a	  logger	  on	  one	  of	  these	  meters	  but	  data	  is	  currently	  not	  being	  read.	  This	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may	  have	  been	  part	  of	  the	  Water	  Corporation’s	  new	  roll-­‐out	  of	  smart	  meters	  on	  large	  water	  using	  
corporations.	  	  The	  data	  from	  this	  smart	  meter	  should	  be	  collected.	  
Future	  Smart	  Metering	  at	  Murdoch	  
To	  get	  a	  complete	  and	  accurate	  understanding	  of	  total	  consumption	  and	  where	  water	  is	  used	  on	  
campus	  additional	  smart	  meters	  will	  be	  required.	  It	  is	  recommended	  that	  a	  Stage	  1	  rollout	  of	  smart	  
meters	  on	  all	  major	  buildings	  to	  determine	  high	  water	  users,	  anomalies	  and	  leak	  detection,	  water	  
use	  patterns	  and	  establish	  a	  12	  month	  baseline	  data	  set.	  Investigation	  is	  needed	  to	  identify	  the	  total	  
number	  of	  meters	  that	  will	  be	  required	  on	  the	  campus.	  This	  will	  be	  determined	  by	  the	  current	  water	  
infrastructure,	  and	  if	  water	  is	  interconnected	  between	  buildings.	  An	  interconnected	  water	  system	  
where	  buildings	  are	  fed	  by	  multiple	  meters,	  and	  meters	  feed	  multiple	  buildings	  makes	  it	  hard	  to	  
accurately	  determine	  a	  buildings	  water	  use.	  Metering	  and	  sub-­‐metering	  can	  be	  used	  to	  determine	  
individual	  building	  water	  use.	  Water	  interconnected	  between	  buildings	  can	  also	  be	  resolved	  by	  
physically	  changing	  the	  water	  infrastructure	  to	  eliminate	  sub-­‐metering.	  The	  cost	  associated	  for	  both	  
options	  should	  be	  further	  investigated.	  
Below	  represents	  the	  best	  case	  scenario	  of	  a	  smart	  meter	  rollout	  on	  the	  South	  Street	  campus	  which	  
assumes	  one	  smart	  meter	  is	  required	  on	  each	  of	  the	  building	  categories.	  The	  number	  of	  meters	  that	  
would	  be	  required	  in	  Stage	  1	  will	  need	  to	  be	  investigated	  further.	  	  As	  seen	  in	  the	  Greensense	  trials,	  
buildings	  are	  fed	  by	  multiple	  meters	  and	  an	  investigation	  to	  determine	  how	  many	  meters	  will	  be	  
required	  to	  obtain	  building	  water	  use	  data	  with	  no	  interconnectivity	  is	  needed.	  	  
Proposed	  Stage	  I	  Rollout	  
• 6x	  Bores	  to	  be	  metered	  
• 3x	  Main	  Meters	  to	  be	  metered	  
• 1x	  Student	  village	  Old/New	  
• 1x	  Sports	  Recreation	  Centre/Tavern	  	  
• 1x	  Refectory/Senate/Social	  Sciences	  buildings	  	  
• 1x	  BITL/Economics,	  commerce	  and	  law/Law	  buildings	  	  
• 1x	  Amenities	  buildings	  	  
• 1x	  Library	  North/South	  	  
• 1x	  Office	  of	  commercial	  services	  	  
• 1x	  Health	  Research	  Centre/Chiropractic	  	  
• 1x	  Biological	  sciences/Loneragon/Science	  and	  Computing	  buildings	  	  
• 1x	  Vet	  Biology	  Building	  	  
Total	  of	  19	  meters	  
Stage	  2	  of	  the	  rollout	  would	  target	  specific	  high	  water-­‐using	  buildings	  and	  develop	  water	  efficiency	  
measures.	  Measure	  could	  include,	  but	  not	  be	  limited	  to	  developing	  a	  BCP,	  real-­‐time	  display	  units	  and	  
a	  ‘Green	  Team’	  to	  monitor	  and	  act	  as	  water	  efficiency	  advocates.	  
There	  are	  a	  number	  of	  companies	  that	  provide	  and	  install	  smart	  metering	  infrastructure.	  Companies	  
that	  have	  been	  investigated	  in	  this	  report	  include	  Outpost	  Central	  (WA),	  UniData	  (WA),	  Watersave	  
(NSW),	  Greensense	  (WA)	  and	  WaterGroup	  (NSW).	  The	  key	  features	  many	  of	  these	  smart	  metering	  
systems	  deliver	  include:	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• Multi-­‐site	  comparison	  of	  water	  usage	  data	  
• Battery	  powered	  loggers	  with	  a	  life	  up	  to	  5	  years	  (depending	  on	  how	  often	  data	  is	  chosen	  to	  
be	  sent)	  
• Download	  data	  directly	  to	  MS	  Excel	  
• Reports	  sent	  monthly	  via	  email/mail	  
• Web	  access	  to	  real-­‐time	  data	  
• Multi-­‐site	  comparison,	  visual	  graphs	  and	  water	  usage	  benchmarking	  displayed	  on	  web-­‐
portals	  
• Web	  pages	  to	  support	  an	  organisations	  brand	  	  
• Leak	  identification	  
• Email	  and	  SMS	  alert	  systems	  
Costs	  and	  benefits	  of	  Metering	  
The	  average	  cost	  to	  install	  the	  smart	  metering	  infrastructure	  per	  meter	  is	  between	  $750	  -­‐	  $1,250	  
depending	  on	  the	  type	  of	  meter	  and	  the	  quantity	  breakdown	  of	  sensors	  etc.	  (i.e	  cost	  of	  the	  logger	  
plus	  the	  type	  of	  sensor	  required	  for	  smart	  metering	  ranges	  from	  $40	  T-­‐probe	  to	  $100	  Cyble	  sensor).	  
Table	  5	  shows	  the	  costs	  of	  individual	  meters	  for	  the	  organisations	  listed	  above.	  The	  total	  cost	  of	  
providing	  approximately	  20	  meters	  (best	  case	  scenario	  of	  a	  Stage	  1	  rollout	  of	  19	  meters)	  can	  be	  
between	  $13,000	  -­‐	  $30,000.	  (Note:	  depending	  on	  current	  metering	  infrastructure	  at	  Murdoch	  
University	  the	  number	  of	  smart	  meters	  required	  could	  be	  much	  different	  and	  this	  should	  only	  be	  
used	  as	  a	  guide).	  
Table	  5:	  Cost	  of	  smart	  meters	  for	  a	  number	  of	  organisations	  
Organisation	   cost/meter	   cost	  of	  20	  meters	  
Outpost	  Central	   $650	  -­‐	  $800	   $13,000	  -­‐$16,000	  
Water	  Conservation	  Group	   $1,500	   $30,000	  
UniData	   $750	  -­‐$1,250	   $15,000	  -­‐	  $25,000	  
Watersave	   $650	   $13,000	  
Greensense	   N/A	   N/A	  
	  
Additional	  costs	  could	  include	  hosting	  services,	  this	  can	  be	  carried	  out	  by	  the	  supplier	  at	  a	  cost	  of	  
approx.	  $150/year,	  or	  Murdoch	  can	  provide	  their	  own	  server	  for	  meters	  to	  use.	  	  
Smart	  metering	  allows	  water	  meters	  to	  be	  read	  remotely	  and	  provide	  data	  in	  real-­‐time.	  Smart	  
metering	  will	  allow	  the	  diagnosis	  of	  leaks,	  which	  waste	  vast	  amounts	  of	  water.	  It	  will	  identify	  how	  
and	  where	  water	  is	  used	  throughout	  the	  campus	  and	  allow	  accurate	  data	  for	  water	  planning,	  will	  be	  
a	  significant	  innovation	  and	  demonstration	  of	  the	  benefits	  of	  smart	  metering	  among	  Australian	  
Universities	  which	  can	  be	  widely	  communicated,	  and	  can	  achieve	  significant	  water	  savings	  and	  cost	  
savings	  not	  only	  through	  water-­‐cost	  savings,	  but	  also	  through	  the	  cost	  of	  manual	  meter	  readers.	  
As	  can	  be	  seen	  in	  Table	  6,	  the	  savings	  of	  eliminating	  leaks	  can	  be	  great.	  Savings	  (assuming	  the	  cost	  of	  
water	  is	  $3.45/kL)	  per	  year	  can	  be	  between	  $3,626/year	  -­‐	  $32,266/year	  per	  leak	  detected.	  With	  
extensive	  ageing	  infrastructure	  throughout	  Murdoch	  campus	  the	  savings	  through	  detecting	  multiple	  
leaks	  could	  easily	  payback	  the	  capital	  costs.	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Table	  6:	  How	  many	  litres	  of	  water	  are	  used	  on	  average	  by	  leaks	  and	  its	  associated	  annual	  cost	  (Yarra	  Valley	  Water,	  2010)	  
Type	  of	  Drip	  or	  Leak	   L/minute	   L/day	   kL/year	   Cost	  ($3.45/kL)	  
Slowly	  Dripping	  tap	   0.02	   28.8	   10.5	   36	  
Fast	  dripping	  tap	   0.16	   230.4	   84.1	   290	  
Dribbling	  tap/leaky	  cistern	  (constant	  flow)	   0.22	   316.8	   115.6	   399	  
Flow	  (small	  leak	  eg.	  Pin	  hole	  leak)	   2	   2,880	   1,051	   3,626	  
Full	  flow	  (internal	  leak	  –	  equivalent	  to	  a	  tap	  on	  
full)	  
20	   28,800	   10,512	   32,266	  
	  
WaterGroup	  estimates	  smart	  metering	  saves	  between	  5%	  and	  10%	  off	  the	  water	  bill	  annually.	  
Considering	  The	  South	  Street	  Campus	  total	  cost	  of	  consumed	  water	  for	  2011	  was	  $581,013.	  Savings	  
could	  be	  between	  $29,000	  and	  $58,000	  in	  the	  first	  year.	  
This	  project	  can	  be	  supported	  by	  other	  organisations	  as	  an	  innovative	  sustainable	  project	  to	  provide	  
funding.	  Other	  opportunities	  smart	  metering	  can	  provide	  is	  a	  PhD	  project	  for	  a	  student	  that	  can	  run	  
a	  behaviour	  change	  program	  trial	  and	  also	  used	  as	  a	  student	  learning	  tool	  for	  water	  efficiency	  and	  
sustainable	  technology.	  
The	  nature	  and	  operational	  hours	  of	  Universities	  means	  the	  introduction	  of	  time	  of	  use	  billing	  
system	  is	  unviable,	  as	  these	  aim	  to	  shift	  water	  use	  to	  off-­‐peak	  times,	  i.e	  water	  use	  at	  night.	  	  
Recommendations:	  
• Investigate	  why	  the	  current	  Greensense	  meters	  Café	  Kadjininy,	  Main	  Water	  Meter	  1,	  and	  
Main	  Water	  Meter	  2	  don’t	  provide	  any	  data	  to	  the	  online	  Greensense	  database.	  
• Further	  assessment	  and	  investigation	  into	  the	  current	  Greensense	  smart	  meters	  data	  need	  
to	  occur	  to	  identify	  anomalies	  in	  the	  water	  use.	  	  
• There	  are	  two	  main	  water	  meters	  that	  are	  serviced	  by	  the	  Water	  Corporation.	  The	  Water	  
Corporation	  has	  funded	  for	  a	  smart	  meter	  on	  one	  of	  these	  meters	  but	  data	  is	  currently	  not	  
being	  extracted	  from	  it	  (This	  may	  have	  been	  part	  of	  the	  Water	  Corporations	  new	  roll-­‐out	  of	  
smart	  meters	  on	  large	  water	  using	  corporations).	  	  The	  data	  from	  this	  smart	  meter	  should	  be	  
collected.	  
• Total	  water	  consumption	  for	  the	  campus	  should	  be	  smart	  metered.	  Currently	  there	  is	  no	  
‘data	  logged’	  meter	  data	  for	  total	  consumption	  of	  the	  campus.	  
• Identify	  if	  water	  use	  between	  buildings	  on	  campus	  is	  interconnected,	  and	  if	  this	  can	  be	  
separated	  into	  building	  categories.	  
o If	  water	  use	  is	  interconnected,	  investigate	  the	  cost	  of	  changing	  infrastructure	  or	  sub-­‐
metering	  to	  allow	  building	  water	  use	  to	  be	  separated	  into	  building	  categories.	  
o If	  water	  use	  is	  not	  interconnected,	  smart	  metering	  to	  be	  implemented	  to	  identify	  
different	  building	  categories	  water	  use.	  
• The	  buildings	  on	  campus	  need	  to	  be	  smart	  metered	  to	  identify	  unusual/high	  water	  use,	  leaks	  
and	  overall	  picture	  of	  how	  water	  is	  used	  on	  the	  campus	  grounds.	  	  
• All	  new	  buildings	  should	  include	  sub-­‐metering.	  	  This	  can	  be	  implemented	  in	  Murdoch	  
University’s	  Notes	  for	  Consultants.	  	  (It	  is	  noted	  that	  the	  Hydraulic	  Services	  Specification	  lists	  
the	  type	  of	  sub	  meter	  that	  can	  be	  installed	  but	  not	  that	  it	  must	  be	  installed).	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Benchmarking	  with	  other	  Universities	  
Benchmarking	  among	  universities	  is	  becoming	  seen	  as	  an	  important	  aspect	  in	  attracting	  the	  best	  and	  
brightest	  future	  students.	  With	  sustainability	  becoming	  of	  more	  interest	  to	  all	  individuals,	  including	  
students,	  it	  is	  becoming	  more	  common	  for	  universities	  to	  have	  a	  number	  of	  campus	  sustainability	  
rating	  and	  ranking	  systems.	  These	  provide	  applicants	  with	  further	  criteria	  for	  campus	  selection,	  in	  
attending	  the	  most	  sustainable	  university.	  Benchmarking	  water	  efficiency	  allows	  both	  students	  and	  
universities	  to	  understand	  their	  relative	  performance	  with	  other	  universities.	  Benchmarking	  will	  also	  
assist	  in	  driving	  change	  and	  introducing	  values	  of	  continuous	  improvement	  in	  water	  efficiency.	  	  
Throughout	  Australia,	  America	  and	  Canada,	  there	  is	  no	  consistent	  benchmarking	  methodology	  that	  
is	  communicated	  or	  used	  for	  reporting	  performance.	  	  
There	  are	  a	  number	  of	  Australian	  University’s	  that	  currently	  benchmark	  with	  the	  Australasian	  
Tertiary	  Education	  Facilities	  Management	  Association	  (TEFMA),	  which	  assists	  managers	  in	  
universities,	  colleges	  and	  other	  educational	  institutions	  by	  promoting	  excellences	  in	  the	  planning,	  
construction,	  maintenance,	  operations	  and	  administration	  of	  educational	  facilities.	  Data	  is	  published	  
each	  year	  and	  is	  an	  avenue	  to	  compare	  water	  usage	  levels	  against	  other	  universities	  in	  Australia	  and	  
close	  by	  countries.	  TEFMA	  water	  consumption	  is	  benchmarked	  in	  tertiary	  institutions	  with	  kL/Gross	  
Floor	  Area	  (GFA)	  and	  kL/Equivalent	  Full	  Time	  Student	  Load	  (EFTSL).	  (Note:	  EFTSL	  is	  formerly	  known	  
as	  EFTSU)	  
• EFTSL	  (Equivalent	  Full	  Time	  Student	  Load)	  is	  representation	  of	  the	  amount	  of	  load	  a	  student	  
would	  have	  when	  studying	  full	  time	  for	  one	  year.	  At	  Murdoch	  24	  credit	  points	  equates	  to	  1.0	  
EFTSL	  
• GFA	  (Gross	  Floor	  Area	  m²).	  As	  defined	  in	  the	  TEFMA	  Benchmark	  Survey,	  i.e.	  the	  sum	  of	  fully	  
enclosed	  area	  and	  unenclosed	  covered	  area.	  
	  
Universities	  in	  WA	  are	  currently	  benchmarked	  using	  EFTSL,	  including	  Edith	  Cowan	  University	  and	  
University	  of	  Western	  Australia	  although	  it	  is	  not	  consistently	  updated	  in	  reporting.	  Although	  
universities	  have	  not	  yet	  begun	  benchmarking	  in	  kL/GFA,	  this	  measure	  can	  be	  used	  to	  more	  directly	  
relate	  water	  consumption	  in	  individual	  buildings	  across	  the	  campus,	  while	  kL/EFTSL	  can	  be	  more	  
appropriately	  applied	  to	  comparisons	  against	  other	  institutions.	  Murdoch	  University	  currently	  
reported	  in	  kL/m2GFA	  in	  the	  Murdoch	  University	  Water	  Efficiency	  Plan	  2012.	  Additionally	  water	  
consumption	  should	  be	  extended	  to	  reporting	  in	  kL/EFTSL	  in	  the	  future.	  
To	  become	  a	  member	  and	  access	  the	  TEFMA	  benchmarking	  data	  comes	  at	  an	  annual	  cost	  that	  is	  
dependent	  on	  the	  Universities	  EFTSL	  (ranging	  from	  $500-­‐$1,400/year).	  
As	  can	  be	  seen	  in	  Table	  7,	  Murdoch’s	  current	  benchmark	  has	  been	  unable	  to	  be	  determined	  due	  to	  a	  
number	  of	  reasons	  indicated	  below:	  
• Total	  consumption	  of	  all	  three	  campuses	  is	  unknown	  at	  this	  stage.	  	  
• Total	  consumption	  for	  Peel	  and	  Rockingham	  is	  unknown	  
• Individual	  EFTSL	  is	  unable	  to	  be	  determined	  at	  this	  stage	  for	  each	  of	  the	  three	  campuses.	  
Considerations	  that	  will	  need	  to	  be	  undertaken	  when	  benchmarking	  in	  tertiary	  institutions	  include:	  
	   45	  
• Assumptions	  of	  a	  relatively	  fixed	  relationship	  between	  students	  and	  University	  staff	  levels	  as	  
only	  student	  EFTSL	  is	  considered.	  
• Changing	  the	  proportion	  of	  students	  in	  on-­‐site	  accommodation	  will	  affect	  performance	  
against	  the	  benchmark	  –	  because	  the	  management	  of	  student	  housing	  is	  in	  private	  hands,	  it	  
is	  recommended	  that	  student	  housing	  be	  deducted	  from	  water	  use	  benchmarking	  for	  
Murdoch.	  
• This	  indicator	  should	  not	  be	  used	  for	  benchmarking	  over	  periods	  shorter	  that	  a	  semester	  or	  
for	  individual	  buildings,	  because	  of	  highly	  variable	  occupancy	  rates.	  
Table	  7:	  Water	  benchmarks	  of	  Western	  Australia	  University's	  in	  kL/EFTSL	  
Institution	   Water	  used	  
(kL/annum)	  
EFTSL	   Benchmark	  (kL/EFTSL)	  
Murdoch	  University	  	  -­‐	  
South	  Street	  Campus	  
110,099	  (2011)	   N/A	   N/A	  
Murdoch	  University	  –	  
Rockingham	  
2,255	  (2011)	   N/A	   N/A	  
Murdoch	  University	  -­‐	  
Peel	  
N/A	   N/A	   NA	  
Murdoch	  total	   N/A	   N/A	   11,592	  (2011)	  
University	  of	  Western	  
Australia	  	  
260,000	  (2010)	   18,975	  (2010)	   13.7	  
Curtin	  University	  	   ~	  165,000	  (09/2010)	   26,595	  (2010)	   ~6.2	  
Edith	  Cowan	  University	  –	  
All	  3	  campuses	  
84,865	  (2010)	   18,759	  (2010)	   4.5	  
	  
Water	  conservation	  targets	  should	  incorporate	  realistic	  savings.	  This	  was	  seen	  in	  the	  Murdoch	  
University	  Water	  Efficiency	  Management	  Plan	  2012	  in	  which	  the	  ambitious	  target	  was	  not	  met,	  
although	  water	  consumption	  in	  kL/	  m2GFA	  was	  significantly	  improved.	  The	  2012	  target	  has	  been	  set	  
at	  0.84kL/m2GFA,	  from	  their	  actual	  benchmark	  of	  0.89kL/m2GFA	  in	  2011.	  The	  new	  target	  is	  more	  
realistic	  with	  the	  hope	  of	  continuous	  improvement	  through	  new	  metering	  and	  monitoring	  and	  
behaviour	  change	  programs.	  A	  future	  target	  will	  incorporate	  benchmarking	  as	  kL/year/EFTSL	  also	  
which	  can	  be	  used	  to	  compare	  nationally	  with	  other	  Universities.	  	  
Recommendations:	  
• Determine	  the	  total	  water	  consumption	  and	  EFTSL	  of	  the	  Murdoch,	  Rockingham	  and	  Peel	  
Campuses	  to	  enable	  benchmarking	  to	  occur.	  	  	  
• Given	  the	  basic	  purpose	  of	  the	  university	  as	  a	  centre	  for	  education	  and	  research,	  
benchmarking	  should	  be	  undertaken	  annually	  in	  kilolitres	  per	  meter	  square	  of	  gross	  floor	  
area	  (kL/m2GFA)	  and	  kilolitres	  per	  full-­‐time	  equivalent	  student	  (kL/year/EFTSL).	  
• Further	  investigation	  into	  becoming	  a	  TEFMA	  member	  and	  accessing	  benchmarking	  data	  	  
• Future	  targets	  to	  continue	  to	  be	  set	  with	  a	  realistic	  approach.	  Represented	  annually	  as	  
kL/m2GFA	  and	  k/EFTSL.	  
Future	  work	  for	  this	  project	  may	  exist	  if	  Murdoch	  decides	  to	  investigate	  or	  extend	  their	  current	  
smart	  metering	  trial.	  In	  which	  the	  points	  discussed	  above	  can	  be	  carried	  out	  and	  developed.	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Appendix	  B	  –	  Activities	  and	  Roles	  at	  ENV	  Australia	  
A	  number	  of	  activities	  and	  roles	  were	  assigned	  and	  completed	  during	  the	  internship.	  The	  fields	  
worked	  in	  include	  water	  management,	  sustainability	  and	  environmental	  management.	  Below	  
outlines	  the	  main	  projects	  worked	  on	  at	  ENV	  Australia	  and	  the	  associated	  activities	  that	  were	  carried	  
out.	  
Regional	  H2ome	  Smart	  Behavioural	  Change	  Program	  
I. Regular	  sub-­‐contractor	  and	  client	  meetings	  (minute	  taker	  and	  involved	  in	  active	  
communication	  and	  discussion)	  
II. Development	  of	  program	  management	  process	  charts	  
III. Project	  plan	  design	  
IV. Fortnightly	  and	  Milestone	  Reporting	  
V. Field	  experience	  in	  the	  organisation	  of	  community	  events	  and	  understanding	  of	  social	  
dealings	  with	  the	  wider	  communities,	  their	  queries	  and	  client	  privacy	  and	  confidentiality	  
VI. Ordering	  of	  products	  and	  prices	  for	  the	  program	  
Sustainability	  Consultancy	  Services	  for	  North	  Eglinton	  Estate	  
I. Development	  of	  project	  process	  charts	  and	  spreadsheet	  development	  to	  outline	  
EnviroDevelopment	  certification	  
II. Energy	  and	  water	  efficiency	  calculations	  
III. Sustainable	  and	  efficient	  technology	  assessment	  and	  gap	  analysis	  
CBH	  Group	  NGERS	  Gap	  Analysis	  and	  Energy	  Audit	  
I. Client	  meetings	  and	  discussions	  with	  senior	  technicians	  and	  professionals	  	  
II. Energy	  data	  analysis,	  calculations	  	  and	  conversions	  to	  determine	  whether	  the	  NGERS	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